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Summary 
In order to improve our knowledge about the transport and chemical 
conversion of airborne pollutants in areas of several hundred kilo-
metres sidelength, a field experiment was carried out in the Federal 
State of Baden-Württemberg ·in March 1985. The name of the experiment 
was TULLA ("Transport and Transformation of Air Pollutants in the 
State of Baden-Württemberg and from neighbouring countries"). 
The objective of the experiment required a simultaneaus registration 
of the timely and spatial distribution of the emissions, the 
relevant meteor-ological parameters for the transport, the chemical 
reaction rates as well as the timely and spatial distcibution of 
the imrnissions in a three-dimensional fcarnework. 
All measur-ing activities during TULLA ace described in the following 
repor t. No resu l ts a re g i ven, bu t the course of the exper imen t and 
the measurements that were car-ried out, are reported. 
Zusammenstellung der Meßaktivitäten während des TULLA-Experiments 
Zusammenfassung 
Zur Verbesserung der Kenntnisse Uber den Transport und die chemische 
Umwandlung von Schadstoffen in Gebieten der Größe mit einigen 
hundert Ki~ometern SeitenlUnge wurde im Mtlrz 1985 im Gebiet von 
Baden-Württemberg ein Feldexperiment durchgefUhrt. Das Experiment 
trHgt den Namen TULLA ( 11 !ransport und ~mwandlung von ~uftschad­
stoffen im Lande Baden-\Wrttemberg und aus Anr-ainerstaaten"). 
Die Zielsetzung des Experiments erforderte eine gleichzeitige Er-
fassung der zeitlichen und rHurnlichen Verteilung der Emission, 
der fllr den Transpor-t r-elevanten meteor-ologischen Parameter, der-
luftchemischen Reaktionsraten sowie der zeitlichen und r-Humlichen 
Verteilung der Immissionen in einem dreidimensionalen Raster. 
Im vorliegenden Bericht werden alle Meßaktivit!iten w!ihrend TULLA 
beschrieben. Es werden keine Ergebnisse gebracl1t, sondern Uber 
den Verlauf des Experiments und die dabei durchgeführten Messungen 
wird berichtet. 
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1. Introduction 
In order to reduce emissions effectively and economically, a 
better insight into the cause - effect relation is required. 
Knowledge of the transport and the chemical conversion of airborne 
pollutants in areas of several 100 km sidelength is still rather 
incomplete. Government regulations have provided that the ground con-
centration near the emission sources do not exceed the given 
maximum values. However, it can only be vaguely imagined where 
and in which concentrations the material is transported, resp. 
under which chemical conversions it is transported. 
To improve the current knowledge, a detailed experiment was 
planned and then carried out in spring 1985 in the area of 
Baden-Württemberg. The Experiment carries the name of TULLA 
(''Transport and Transformation of Air Pollutants in the State of 
Baden-Württemberg and from neighbouring countries''). 
Increasing awareness of the influence of human activities on the 
environment, i.e. both on the inanimate and the living nature, 
has increased the need for extensive studies of air pollutants in 
mesoscale regions of the atmosphere. Although the knowledge about 
the processes involved is still inadequate, it is often air 
pollutants that can be traced back as the causes of forest 
damages and of damages to buildings. Sulfurdioxide, nitrooxides 
and other substances, especially those interacting with ozone 
and hydrocarbonates, are of special importance. 
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2. Aims of the Experiment 
In a region that is approximately of the size of Baden-Württemberg, 
measurements and numerical model-simulations of the transportation 
of airborne pollutants are to be made and a mass balance is to be 
estimated. In addition, numerical models are to be used to simulate 
\ 
the distribution of pollutants. For two reasons, SO is used as 
2 
a leading tracer: 
a) so 2 quite often occurs in concentrations which can be re-
corded from the ground as well as from an aircraft without 
any major technical measuring problems. 
b) The average residence time of so2 in the atmosphere 
enough, so that for a mass-balance within the area 
Baden-Württemberg the chemical conversion reactions 
neglected for a first approximation. 
The measurements and numerical model-simulations aim at the 
following problems: 
is long 
of 
can be 
a) Can, according to present emission source configurations 
and given topographical influences of the atmospheric flow 
field, so called dispersion-lanes orginate and be located? 
b) How does advection of so2 from adjoining areas and sources 
within the area contribute to the mass balance? 
c) How does the reduction of the source strength influence 
the emission-field in Baden-Württemberg? 
d) How do concentration fields and deposition of so 2 react 
on different meteorological conditions? 
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3. Planning and Preparation 
3.1 Concept of the TULLA Experiment 
In order to achieve the objectives of the experiment, simultaneaus 
measurements of the time and space distribution of the sources, the 
relevant meteorological parameters, the time and space distribution 
of the emissions and also of the most important reaction partners 
of so2 within a three-dimensional screen was necessary. 
Therefore, the lneasurements concentrated on a complete determination 
of all terms of the mass balance during some typical episodes. 
For these activ.lties, three weather types have been defined. It was 
planned to measure all variables (emission, meteorological variables) 
with a time resolution of one hour and a space resolution of 1 km 
x 1 km. In detail, the following quantities had to be determined: 
Distribution and strength of emission sources existing in this 
area: 
An emission inventory is to ·be set up, which exceeds in its space 
and time resolution as well as in its accuracy and completeness 
all formet emission surveys for this area. 
Atmospheric flow field as a function of synoptical conditions: 
The flow fields depends mostly on the large scale weather situation, 
which is recorded by the German Weather Service through 
synoptic analysis. Through additional aerological soundings, 
the specific meteorological conditions were documented. Further-
more, various measurements of meteorological variables were 
carried out close to the ground. 
Concent.ration field of the sulphur-dioxides: 
Through airborne-measurements, ground-measurement stations and 
lemporary mobile measurement facilities during the experiment, 
the three dimensional concentration field was defined. 
Oxidation-reaction: 
An improved estimation of the mass balance of so 2 takes these 
oxidaU.on reactlons lnto account. For the quantitative deter-
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mination of these reactions, the following gaseaus constituents 
were registered during the experiment, aside from so 2 : ozone, 
NO, N0 2 and CO. Besides these, sulphate, nitrate and chloride and, 
at several measuring point, even other particulate pollutants 
were measured. 
Deposition of sulphur-dioxides: 
For the mass balance of pollutants, the ground sink has to be 
considered as well. Therefore, the deposition of so 2 was 
measured at two sites. 
Model simulations: 
For lhe modelling of the three-dimensional flow field, a meso-
scale model is employed, which is based on the anelastic 
approximation of the Navier-Stokes equation. The non-hydrostatic 
mesoscale model is particularly suited for the simulation of the 
flow over inhomogeneaus terrain with a spatial resolution of the 
order of one kilometer. At present, modelling chemical reactions 
of so 2 is not included, but will be added in the near future. 
3.2 Organisation 
TULLA was carried out in cooperation with several rese~rch groups 
from universities, large research establishments, authorities of 
the Land and of the State as well as private companies. The 
experiment was mainly financed by PEF (Project European Research 
Centre for the Haintenance of Clean Air at the Nuclear Research 
Centre Karlsruhe). In addition, the measurement programme was 
substantially supported by the following organisations: 
Commission of the European Communities, Institute for Environmental 
Protection of the Land ßaden-WUrttemberg (LFU), Federal Environment 
Office (UI3A), Enterprises for Energy Supply in Baden-WUrttemberg 
and the German Wea ther Service ( DWD) . 1'he s taf f ass ignmen t for 
the individual sectors can be taken from tab. 3/1. 
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In 33 measuring teams, more than 120 scientists from 8 countries 
participated in the TULLA-campaign. The measuring teams and their 
contributions are listed in tab. 3/2. 
3.3 Definition of the Measuring Phases 
It was planned to carry out a maximum of five measuring phases 
during the time interval from March 18, 1985 to March 29, 1985. 
For the planning of the measuring strategies, three weather types 
were classified (see tab. 3/3). A further classification, depending 
only on the wind direction, was necessary for the planning of air-
craft measurements and their flight patterns (see tab. 3/4). 
A total of four measuring phases was performed during the TULLA 
experiment, see tab. 3/5. 
4. Documentation oftheLarge Scale Weather Situation 
(contributed by Dipl.-Met. M. Jaeneke) 
This section is a description of the weather development several 
days before, and particularly during the TULLA experiment. 
Figs. 4/1 to 4/47 show the daily weather situations. Most of the 
information has been extracted from the European Weather Report. 
(Surface charts at 12 UTC, 300 hPa at 00 UTC). During the TULLA 
experiment, the synoptic weather development are complemented by 
detailed weather charts based upon stations in Baden-WUrtemberg. 
Charts from radio sonde ascents, from Payerne/Switzerland, Stuttgart, 
Munich, Lindenberg, Meiningen and Vienn~/Austria are added to the 
synopsis. 
4.1 Synoptic Weather Conditions from 14th- 17th March 1985 
A few days before the TUI,LA experiment, the weather si.tuation 
was characterised by the development of a cold a.Lt~ t:ormatlon and 
trough s i tua tion over Cent ra 1 Europe. On 14th and 15th ~1arch, 
two cold fronts from an expanding low pressure system over Scandi-
nav ia and the North Sea pc1.ssed Germany and France <"lrvl f Lna.lly 
reached the Alps and the area of the Mediterranenn Sea, carrying 
maritime polar-air with the.m. 
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The southern and south-easterly directed cold air advection 
substantially intensified an already existing trough at higher 
levels over the North Sea and Central Europe. Accordingly, a new 
surface depression of 995 hPa was built up below the front side of 
the trough until March 17 in the area of Adria/Gulf of Genoa, 
which merged into a partial low, moving from the British Isles to 
Central Europe. At the same time, an old low pressure system 
quickly weakened over Scandinavia and the North Sea. Already on 
March 17, a high pressure zone developed on the front side of a 
distinct altitudal ridge over leeland as the result of a massive 
negative vorticity-advection (NVA), reaching from the British 
Isles and Scandinavia to northern Russia. At the same time, a 
precipitation field, caused by upslide motion and belanging to 
the new south-eastern low pressure complex, stretched from the 
east to the entire south-western part of Germany. In the meantime, 
the temperature in the maritime polar air decreased to -35°C at 
500 hPa and to -7°C at 850 hPa. As a result, the precipitation 
fell as snow, even in the low elevations of the Rhine Valley, 
and a complete snow coverage began to build up. 
4.2 Synoptic Weather Condition on Monday, March 18, 1985 
The snow-fall situation reached its climax on March 18, 1985. 
While in the north European high pressure zone surface pressure 
increased to 1025 hPa, the upslide precipitation in Southern 
Germany continued at the northern flank from the double low, now 
reaching from Central Italy to the Northern Balkan. This was due 
to a cut-off development within a strong upper level trough, in 
whose course an independant upper level low formed over tlte 
Adria. Positive vorticity-advection (PVA) on the eastern and 
northern flank at upper levels and the increasing warm air 
advection (WAA) from the south and south-east caused a strong 
lifting process. This, in turn, was sharply bordered ov8r france by 
a negative vorticity-advection (NVA) on the back side, by an upper 
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level trough and a high over the Adriatic as well as by a cold air 
advection (CAA), so that most parts of France were cloudless, due 
to subsidence of the air. A quasi-stationary warm front over 
Eastern Central Europe marked the upgliding process over south 
and south-west Germany on the surface weather chart. With temper-
atures close to the freezing point, the snow coverage thus quickly 
grew. With weak to medium north-to north-westerly winds, this 
increase was extremely intensive, especially in the blocking area 
of the Swabian Mountains. Therefore, on March 19th, a total snow 
height of 30 - 50 cm was measured at the northern side of the 
Swabian Mountains, and of 30 - 75 cm in the Southern Black Forest. 
At lower elevations of Upper Swabia, in the Upper Rhine Valley 
north of Karlsruhe, and in the Neckar-Valley, the snow height 
measured mostly 10 - 15 cm. 
4.3 Synoptic Weather Condition on Tuasday, March 19, 1985 
On March 19, the main core of the Sauth-East European low complex 
shifted to the East. In the morning, the centre of the low was 
over Middle Adria and Jugoslavia, at noon over the north of Greece. 
The upslide precipitation was now less intensive and covered mainly 
Northern Europe and Jugoslavia. Snowfall diminished rapidly over 
Baden-Wlirttemberg and ceased completely in the afternoon. In 
connection with this, the advection analysis showed retreating 
PVA and WAA areas, and expanding areas of NVA and CAA, moving from 
France towards south-west Germany. The beginning subsidence caused 
the appearance of a flat high pressure ridge, due to divergence 
of the low level flow and, apart from the end of precipitation in 
the afternoon, first signs of cloud-clearance. Due to a weakening 
of the horizontal pressure gradient, the wind practically ceased 
on March 19, 1985 and lost its principally north-to-north-western 
direction. After temperatures of -2°C to -4°C during the night, 
the temperature rose to 1 to 3°C during the day, because of 
sunshine in the lowlands. 
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4.4 Synopthic Weather Condition on Wednesday, March 20, 1985 
The low, which had reached with its main core Northern Greece the 
day before, finally drifted to the Black Sea by noon of March 20th. 
The strong North European high now showed a distinct core of 1030 
hPa over South Eastern Finnland. Although its wedge, pointing to 
the North Sea and North Germany, was levelling off on the whole, 
the high pressure influence prevailed temporarily over South-East 
Germany. Two processes were involved: 
1. a re-arrangement of the flow conditions at higher levels, and 
2. a new low pressure development over the North Atlantic and the 
western Mediterranean Sea. 
Until March 20, 1985, the compact upper level-low over the Adrian 
Sea extended to a long drawn low pressure zone from Turkey to 
Central and West Europe. Its axis now slowly moved in a north-eastern 
direction, so that south-west Germany increasingly came under the 
influence of NVA at higher levels. Therefore, subsidence continued. 
The departing movement of the low pressure zone was supported 
considerably by being connected with a trough over leeland at high 
altitudes. In the meantime, a strong low pressure appeared in this 
area, which originated on the Southern American coast and lowered 
its pressure core from 985 hPa to 965 hPa within two days. The 
fronts of the intensive Icelandic low quickly approached Spain 
and Portugal. The front, moving rapidly in an eastern direction, 
was considerably blocked through the North European high. Down-
stream of the Icelandic storm low, a further low had developed 
the day before in the area of the Biscay. Around midday of March 
20th, the front reached the sea area between the Balearic Islands 
and Sardinia, after increasing rapidly. As is shown by satellite 
pictures, its dense clouds (PVA in the altitude, WAA) dominated 
the Mediterranean area, but were unable to prevail north of the 
Alpine ridge. 
The layers stabilized considerably as a result of the incessant 
subsidence over Baden-WUrttemberg at that time. According to the 
soundings at Payerne and Stuttgart, isothermal vertical temperature 
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structures above 850 hPa developed already during the night. 
Single inversions crystalized with progressing subsidence. 
Except in the southern Rhine Valley, low stratus clouds existed 
in the early hours of the day, which disappeard quickly, as did 
the fog over the Danube area. Consequently, sunny weather prevailed, 
with practically no exception. Only towards evening, local fields 
of cirrus-clouds appeared. 
The temperatures, which at night ranged mostly between 0 and -4°C and 
were even slightly lower•.in mountainous areas and at the Danube, 
rase to a maximum of 4 - 8°C. Therefore, the snow started to melt in 
the lower areas. The wind was predominantly weak, and blew, due to 
orographical influence, from different changing directions. 
This was the result of the extremely slight horizontal air pressure 
gradients on the rim of the North European high on that day. 
Apart from early mist, visibility in the low areas lay mostly 
between 5 and 10 km, in the low mountain range clearly higher. 
4.5 Synoptic Weather Condition on Thursday, March 21, 1985 
On March 21 and 22, the large scale weather situation increasingly 
changed to the type ''low over the British Isles". Thereby, the 
weather became variable, but was nevertheless connected with the 
influx of milder maritime air masses from the central North Atlantic. 
By noon of March 21, the Atlantic storm low, which had arrived south 
of leeland the day before, reacl1ed the Irish Sea and slightly reduced 
its core pressure by 10 hPa to 975 hPa. Its long st.retched, still 
occluding frontal system extended to western France during the 
night and moved relatively quickly in an eastern direction during 
the day, so that the occlusion front reached the border of 
Baden-Württemberg in the evening. 'l'he further development was 
substantially influenced by a retrogradal shift of the European 
upper level high: While the old low press\tre zone on high altitudes 
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over central and south-east Europe diminished completely during its 
shift towards the north-east, CAA built up a new trough at the 
backside of the British low over France. This finally joined the 
altitudal cyclone belanging to the Mediterranean low, thus building 
up a trough system from Ireland to Tunesia. On its front side, the 
altitudal current over Central Europe turned south during the day, 
and therefore the continuing eastern shift of the occlusion front 
towards France was extremely slowed down. At the same time, the 
Mediterrenean low diminished greatly. At noon of March 21, it lay 
in front of central Italy with a core pressure of only 995 hPa. 
In the early morning, cloudless weather had been registeced in 
large parts of the Federal Republic. Nevertheless, in the course 
of the morning high and medium level cloud fields within the flow 
at the Eastern side of the trough increasingly encroached 
Baden-Württemberg from the south as well as from the west. Parallel 
to this, the dense fog at the Danube and at Lake Constance dissolved 
during the morning. Satellite pictures show that, due to southern 
currents in this altitude, a more or less broad Foehn-gap was 
developing in the upper clouds of the northern Alpine border. 
In more northern regions, slight precipitation was observed. 
Compared to the day before, the temperatures continued to rise -
in the Upper Rhine Valley to 8 - 10°C, at the Neckar to 4 - 6°C, 
and in the region of Upper Swabia/Danube to 3 - 5 °C, During the 
relatively clear night, wide spread frost between -1° and -7°C had 
been registered. Despite a slight increase in the horizontal 
pressure gradient, the surface winds remained relatively weak, 
coming mainly from eastern directions and turning to south-west 
later on while moving fcom West to East. 
4.6 Synoptic Weather Conditions on Friday, March 22, 1985 
The influx of relatively mild maritime air masses Erom south-west, 
which commenced the day befoce, still increased on March 22, 1985. 
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While the core of the now prevailing circulating low over the 
Irish Sea shifted only slightly towards Southern England and, as 
the result of a diminishing tilt, filled up as expected to 985 hPa, 
its occluding front moved slowly over Baden-Württemberg in an 
eastern direction during the night, having no considerable weather 
effects. Only in the south-west of the country, light precipitation 
was observed (e. g. Constance 1,0 mm). Besides the Foehn-effect, 
the fact that the flow at the eastern side of the trough was 
slightly confluent and therefore showed practically no PVA was 
responsible for the weakening of the front. The line of the retro-
grade upper level trough was oriented at 00 UTC from the British 
Isles, over eastern France and from Italy to Lybia. After the 
weak occluding front had passed, the weather cleared up in most 
parts of Baden-Württemberg araund noon. The wind changed temporarily 
from south-south-west back to south-east-east. This change of the 
wind direction was caused by the advancement of another occluding 
front from France. This front emerged from a wave, which, coming 
from Newfoundland the day before, had been included in the back 
side of the British low. Now, it rapidly occluded on its way to 
western Europe. During the afternoon, clouds appeared tagether with 
this front, but only local slight rain (Constance 0.5 mm) occurred 
till 18 UTC in the south-west. Following the front, the wind 
changed to south-west in the Rhine region and the Black Forest, 
which intensified in open mountainous regions (Feldberg 18 UTC 25 
knots). During the night of March 22, 1985, for the first time since 
the beginning of the experiment the temperatures remained above 
0°C in the Upper Rhine region, whereas in mountainous regions, at 
the Neckar and the Danube rivers, slight frost of ooc to -Joc was 
registered. During the following day, the temperature reached 
maximum values between 13°C to 15°C in the area between Mannheim 
and Basel, while in the remaining lowlands values between 10°C to 
12°C were observed. Due l:o the high temperatures, the entire snow 
blanket in the Upper Rhine region had disappeared by evening and 
remained only i11 parts of Upper Swabia/Danube as well as in the 
Neckar region. 
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4.7 Synoptic weather condition on Saturday, March 23, 1985 
At noon of March 23, 1985, the controlling low lay over the 
British Islands, after a slight northerly shift with a pressure 
minimum of 990 hPa at the central English North Sea coast. 
In the meantime, the occluding front had reached the eastern parts 
of Central Europe. By 00 UTC, the upper level trough of the 
low-level British low had advance with its southern part to Greece. 
Now, its centre slowly moved towards Germany. Therefore, the air 
within the trough reached Baden-Württemberg during the day. The 
temperatures at the 500 hPa surface, which at had still been 
araund -27°C, decreased to -32°C till the following night (24th 
March 1985). The slow destabilisation of the vertical air layers, 
which had started the days before, was consequently accelerated. 
The scattered clouds changed noticably to convective character. 
In the Rhine Valley and the Black Forest regions, first light 
showers occurred. Satellite pictures, which araund noon 
showed cellular clouds advancing from western Europe to about 10°E, 
indicated this destabilisation as well. Visibility increased gene-
rally to 20 - 40 km within the fresh maritime air. In comparison 
with the day before, the daily temperatures decreased to 10 - 13°C. 
From the stations in the lower elevations, only Ulm and Stuttgart 
airport reported slight frost at night. On March 23, 1986, the 
wind blew quite homogeneously from south-west, in parts even from 
West, at a moderate strength. 
4.8 Synoptic Weather Condition on Sunday, March 24, 1985 
On March 24, 1985, the destabilisation of the vertical layers 
over Germany reached its maximum. The British low had shifted only 
slightly and had reached the Scottish North Sea coast at noon with 
a core-isobar of 995hPa. The line of the upper level trough was 
oriented from north-west to south-east, and was now situated 
directly over Scotland. Upper-level winds were slowly turning from 
south-west to west. The vertical temperature profile of the radio-sonde 
showed a deep conditionally unstable layer. Therefore, after a part-
-13-
ially clear sky during the night, convective clouds developed 
during the day as a result of a strong low-level warming of the 
air. Especially in the evening and during the night, showers and 
thunder storms were observed in the Black Forest area (Feldberg, 
Karlsruhe, Klippeneck). Considerable precipitation was only re-
ported by the stations Freiburg (5 mm), Feldberg (6 mm) and Ulm 
(4 mm). As is shown by the satellite pictures, cellular shower 
clouds covered the entire area of the upper-level trough over 
Germany and France. As the horizontal gradient of surface pressure 
decreased in comparison to the day before, the winds remained weak, 
coming mainly from south to south-west. Only in the open mountaineous 
areas Windspeeds of 15 - 25 knots were observed. With maximum 
values of 9° - 12°C 1 the temperatures differed only slightly from 
those of the day before. Only in mountaineous areas and in the 
south-east of Baden-Württemberg slight frost occurrd during the 
night. Visibility remained good (20 - 40 km). 
4.9 Synoptic Weather Condition on Monday, March 25, 1985 
On this day, a transition from the large scale weather type "Low 
British Isles" to the "cyclonal-westerly" situation set in, which 
lasted till the end of the TULLA experiment. This transitional 
situation led to a short stabilization and an anti-cyclogenesis of 
the weather situation for Baden-Württemberg. In the evening of 
March 24, 1985, pressure started to rise, thus building up a flat 
high at lower levels. This pressure rise was caused by NVA at the 
backside of the Upper-level trough moving slowly eastwards. 
Furthermore, this post frontal effect was strengthened by WAA, 
which caused an increase of the consecutive upper-level trough 
amplitude. Thus, Baden-Württemberg was affected by subsidence, 
which at that time could not be neutralized by WAA as a lifting 
mechanism at the front side of the upper-level wedge. The upper-level 
trough moving eastwards with its unstable maritime air made itself 
felt only through isolated showers during the night (only the 
weather station öhringen reported light precipitation after 06 UTC). 
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The new Cu-clouds, which had formed in the morning at partly cloudy 
and sunshine conditions, eventually flattened off more and more. The 
transition to more stable layers was indicated by a comparison of 
the radio-sonde ascending at nigl1t of Stuttgart/Payerne (unstable) 
with Lyon/Paris (slable with an inve.rsion above 800 - 750 hPa). 
Furthermore, this was evidenced by satellite pictures, which showed 
cumulus clouds covering Central and Easterrt Europe as well as a 
mainly cloudless zone over South-Hest Germanv. In the rneantime, 
' A 
the large scale pressure and flow field over the 1\tlanllc and 
Western Europe changed. The old controlling low pressure systern 
over Sealland was absorbed rnore and more by a new, strenger 
low-pressure activity over the /\tlantic and the Biscay. ßy noon, 
a new low, that had reached Western Biscay the day before, arrived 
at the south-west exit of the English Channel. It had changed its 
core pressure form 1000 hPa to 985 hPa within 2~ hours. Its distinct 
eddy-structure became particularly clear on the satellite pictures. 
The low fronts, which had moved lo France in the early hours, 
occluded quickly and reached Baden-Württemberg in lhe evening in a 
much weakened form. By noon, the approaching occlusion made ilself 
felt through the appearance of high and mid-level cloucls. In the 
evening, the cloud base in the Rhlne and Black Forest regions 
went down to a lower level. But no precipitation was observed 
before 18 UTC. 
During the day, the wind blew mainly from south to south-wesl, but 
turned back to south-east in the afternoon, obviously under the 
influence of the approaching front (isobaric and lsallobaric effect) 
Winds remained generally weak, only the Feldl>erq showr>cl "contlnuo\ts 
sout_h-westerty wind of 20 - JO knots. /\fler a nlght wllhout Frost, 
t e m p e t a tu r e s r o s e t o 1 ~ o - 1 6 o C a s a r e s u l t o f s t r o n g e r s tlll s h 1 n e 
(in the region of llpper-Swabla lQ - 12 hours of s11nshlne) nnd the 
influx of warmer air. Vlsibi11ty was good to very qood wlth practlcally 
no exception, reaching even SO km in mountaineo11s reglons. 
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4.10 Synoptic Weather Condition on Tuesday, March 26, 1985 
The weather situation of March 26 and 27, 1985, was characterized 
by a trough building up with its front side over Western and Central 
Europe, so that the weather development became increasingly cyclonic. 
The low over the English Channel of the day before decreased to 
995 hPa and advanced to the southern North Sea by noon of March 26, 
1985. Its occlusion front crossed Baden-WUrttemberg during the 
night with only slight weather activity (amount of precipitation 
mainly less than 1mm, at the Feldberg 7 mm) . The follwing 
upper-level trough with small wave length also became visible in 
the ground pressure field with a clear trough line. During the 
morning, it quickly passed over Baden-WUrttemberg. In connection 
with this, only north-west of the line between the Swabian-Alps 
and Basel single showers were observed (0.0 to 3.0 mm). More in the 
south, the weather remained dry and relatively sunny, due to Alpine 
Foehn influence in respect to a trough passage predominated by a 
south-western upper-level current. 
The now rapidly developing pressure system and the flow field over 
Western and Central Europe made itself felt by a further advancing 
cyclone from the Atlantic, which had reached 49° N, 21° W at noon 
the day before and followed the preceding low at a constant distance. 
According to the satellite pictures, the core of this low was 
situated over North-Western Brittany at noon. By this time, the 
compact cloud bands of its occluding and cold front had reached 
Central France. The further development was dominated by the formation 
of a large scale high trough in the West: on the rearside of the low 
over Br i t ta.ny, a f low towards the West and the Noc th se L 1 n, wh i le 
outbreaks of polar maritime air rnoved southwards. This (:onstellation 
was enhanced by a furthec strong low, which developed in northern 
Norway during the course of the day and which, in turn, was flanked 
westwardly by a broad high pressure wedge, starting from Greenland 
to the South. The back side of the ßrittany low was ~eginning to 
move southwars. Due to strong CAA, the upper-lev8l winds over France 
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began to turn back and consequently the crossing of the front from 
France to Baden-Württemberg was slowed down to such an extent during 
the second half of the day, that it did not reach this area by evening. 
The wind, which had blown steadily from the south-west in the whole 
country, reaching up to 15 - 25 knots and up to 40 knots in open 
mountaineous areas, decreased considerably in the evening and towards 
nightfall, as the delayed front approached. The wind turned partially 
back to south-east. During the night, minimum temperatures ranged 
from 3° - 9°C. During the day, temperatures rose again to 13° - 16°C 
and visibility was high in the whole country, reaching in the South 
extreme values of about 70 km. Without any doubt, this extreme 
visibility was a result of the Foehn in the Alps_ 
4 • 1 1 Synoptic Weather Condition on Wednesday, March 27, 1985 
On March 27, 1985, Lhe weather in south-west Germany was controlled 
by the beginning formation of a large scale trough over the Atlantic 
and West Europe. At 00 UTC, the newly formed large scale upper-level 
trough was extending with its trough line form the North Atlantic 
and the North Sea to Northern Spain and the Biscay. Till noon, the 
centre of the low air pressure at the ground had shifted towards 
Scandinavia. 
Within its southern core region over South Sweden, the two lows, 
which were approaching from the Atlantic, joined each other. The 
affiliated cold front advanced slowly from the North-West to 
south-eastern Baden-Württemberg during the night of March 27, 1985. 
At the same time, the weather stations observed isolated precipitation 
of 2 - 5 mm, and local precipitation in the Black Forest of over 
10 mm. The frontal lifting pr-ocesses, which were considerably 
strengthened by the front side of the increasing trough (PVA in 
upper--levels), destabilized Lhe layers of the maritime air masses 
to such an extent that thunderstorms were observed (Feldberg, Stötten) 
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The parallel position of the cold front to the dominating upper-level 
flow, led partially to wave~like deformations of the front which 
approached the Alps, as is clearly shown by the satellite pictures. 
Consequently, during the morning rain contrunued in southern 
Baden-WUrttemberg. In the remaining parts of the Federal Republic, 
the clouds cleared partially but, nevertheless, several isolated 
showers were observed. With the passing of a second, even strenger 
cold front in the late afternoon and evening, continuous precipitation 
set in once again. This secend cold front, which at noon had 
appeared on the satellite picture as a wide, compact cloud band, 
had formed during the night of March 27, 1985, along the line 
Northern Germany - Benelux - Northern France. It was situated di-· 
rectly before the upper-level trough front and turned slowly 
south-eastwards. In connection with this, polar maritime air reached 
Baden-Württemberg in the evening. Therefore, the precipitation fell 
as snow in mountainous areas, down to an altitude of 700 m (m.s.l.). 
In addition, the influx of cold air was marked by a clear change of 
the wind direction from west-south~west to west-north-west. But 
only after the. turning of the wind direction, precipitation set in. 
The wind speed, which ranged between 5 - 15 knots, was stationary 
during the whole day, except for maountainous areas (Feldberg), 
where considerably higher values were observed. The maximum tem-
perature was still completely dependant on the previous cold maritime 
air and amounted to 11°C in the lowlands, after minimum temperatures 
of araund 7°C during the night. 
4.12 Synoptic Weather Condition on Thursday, March 28, 1985 
The second cold front brought polar maritime air along, which moved 
towards the south-east and controlled Central Europe till noon 
of March 28, 1985. During the course of this development, a vast 
upper-level trough had reached the line Denmark - Eastern France -
Western Alps araund 00 UTC. During the early morning hours, it 
crossed Baden-WUrttemberg with its central line. Till noon, the 
post-frontal precipitation continued in southern Baden-WUrttemberg 
and fell as snow, down to elevations of 400 m a.m.s.l. During the 
early morning, cloudiness began to break up here as well. 
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In the meantime, the southern surface core of the Scandinavian 
low pressure system had drifted over from Central Sweden to the 
Gulf of Bothnia, and had increased to 985 hPa at the front side 
trough, as a result of the favorable development conditions. 
Together with a strong local low (985 hPa) west off northern Norway, 
it now built up a compact cyclonical block. This cyclonic development 
over Scandinavia faced an anti-cylonic development over south-west 
Europe. Following a wide spread rise in pressure over west and 
central Europe, a high pressure cell had originated from the Green-
land high pressure wedge. It was now situated over the Biscay with 
a core pressure of 1025 hi?a. By noon already, this wedge was exten-
ding to the northern edge of the Alps. This extensive pressure 
rise over west and central Europe was caused by CAA as well as by 
NVA at the back side of the upper-level trough drifting eastwards. 
It was expected that the aubsidence of the air would lead to a 
stabilization of the still unstable cold air. However, this process 
was slowed down, mainly because of the continuing upper-level 
cold air advection on the one hand, and, secondly, because of the 
diabatic destabilisation of the lower layers due to sunshine during 
the day on the other hand. Therefore, in many cases cumulus-nimbus 
clouds built up towards noon, which by afternoon rose to the trope-
pause and thereby caused snow showers in the whole country. However, 
no snow blanket built up as the overall temperatures were to high. 
Furthermore, the total amount of precipitation was less than 1 mm 
- with the exception of öhringen, where 4 mm were observed. The 
noon satellite picture shows shower clouds covering Central Europe 
and greater parts of France. Outside the showers, visibility within 
the inflowing polar maritime air was relatively high, reaching 
values of up to 20 - 60 km. The temperature maxima reached approxi-
mately 7°C in the Rhine Valley, while in the remaining areas 4° - 6°C 
were observed. During the whole day, frost predominated above 
700- 800 m altitude (a.m.s.l.). West to north-westerly winds, which 
prevailed during the night, shifted to the West during the day and 
even turned partially back to south-west. They showed values of 
5 - 15 knots. 
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4.13 Synoptic Weather Condition on Friday, March 29, 1985 
Till noon of March 29, 1985, the new surface high,that had reached 
the Biscay the previous day, moved further south-east towards Spain 
- the Western Mediterranean Sea - the Alps and the Balkan. Therefore, 
the anti-cyclonic tendency continued, in connection with the CAA and 
NVA at the backside of the trough. Till midnight, the trough line 
had advanced to the area extending form southern Sweden and Poland 
to northern Jugoslavia and Tunesia. 
Baden-Württemberg, and especially its southern parts, was close to 
the centre line of the high-pressure system. Radio-sondes of 00 UTC 
showed even above 700 hPa a distinct stabilization with beginning 
inversions. As is indicated by the ascents over France, the stabili-
zation became effective even in the lower levels during the course 
of the day. 
At the same time, a less favourable weather development was observed 
over the northern part of Central Europe, which affected the northern 
parts of the Federal Republic in a weakened form: The strong 
Scandinavian low pressure system had formed a single main core with 
980 hPa in its centre and was now situated in front of the Nor-
wegian coast. At its southern flqnk, the air flow turned back to 
west and as a result milder maritime air moved eastwards over the 
British Isles and North Germany. The still active process of NVA at 
the backside of the trough was overcompensated by the effects of 
this warm air advection. Therefore, not only a dense cloud field 
developed over North Germany, but local continous rainfall set in 
as well. Satellite pictures confirmed that only northern and 
central parts of Baden-Württemberg were touched by this new cyclonal 
development. North off the line Karlsruhe - Stuttgart - eastern 
Swabian Alps, a closed Sc/Ac cloud field with sligh local rain 
lasted during the whole day. In the South, medium and high clouds 
prevailed with a changing degree of coverage. In the evening, cloud 
conditions improved in the North. In general, visibility ranged 
between 10 - 40 km, temperature maxima were higher than those of the 
previous day with values of 6° - 10°C especially in the South. The 
wind was moderate to fresh (10 - 20 knots), came from south-west to 
west and abated immensely in the evening. 
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5. Emission Inventory 
For the preparation of the emission inventory, a research group 
headed by Prof. Voss (Stuttgart) is responsible. The inquiry of 
the emission inventory contains data, which were not only recorded 
during the TULLA experiment but l1ave partly been collected before 
the exper imen t and af terwards. The aim is to prepare an emission 
inventory for so and NO for the Jjand Baden-WUrttemberg with an 2 X 
hourly resolution of a 1 x 1 km screen. 
The so
2 
and NOx discharge form larger sources (energy consumption 
over 10 MW) from the conversion sector and the industry is deter-
mined throug a survey which collects, as far as possible, directly 
the hourly mean values from the measuring instruments or by means of 
emission factors (sample measurement) calculated from l1ourly values 
o~ primary energy supplies. With tltis procedure, approximately 
60 % of all so 2 an NOx emissions have directly been registered 
during the measuring campaign and the sources have been precisely 
located within the area of the emission inventory. 1\s no continous 
measurements exist for the remaining 40 % of the emissions caused 
by smaller industrial installations as well as by small consumers, 
private households and traffic, these emissions are determined in 
the following way: Models,which are based on the analysis of 
statistical data and which take daytime, temperature variations, 
wind speed, mean sun irradiation as well as further boundary 
conditions (day of the week, time of year, holidays, etc) into 
account, are used in order to determine the amount and the distri-
bution in space of the hourly energy usage of the various energy 
carriers and to derive emission values from them. 
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6. Meteorological Measurements 
6.1 Radio-Sonde Programme 
At two stations, radio-sonde ascents were carried out within the 
frame of the routine synoptical network (see Figure 6/1). 
At the DWD-station Stuttgart, Graw sondes (type M 60) were used, 
while the Military Geophysical Service (Geophys.) in Neuhasen o. 
Eck, near Tuttlingen, employed sondes manufactured by the Sprenger 
corporation. The ascending speed of approximately 300 m min- 1 were 
set by the routine soundings. The ascents carried out during the 
TULLA measuring phases are listed in tab. 6/1. 
Dr Walk was the head of the group responsible for obtaining, 
handling and checking the radio-sonde data. 
6.2 Structure-Sonde Programme 
Several structure-sondes (ascending rate 150 m min- 1 ) were used 
in order to improve the horizontal resolution of the Observations 
as well as the vertical resolution of meteorological variables 
(Figure 6/1). At six stations, Graw sondes (type TDFS 77 Q) were started, 
while only in Karlsruhe Sprenger sondes (type E 0 74, PTT 0 400) 
were employed. The ascents were tracked by radar at the stations 
Bad Mergenthei.m, Stuttgart and Neuhausen o. Eck. The stations 
Mannheim, Karlsruhe, Freiburg and Biberach followed the ballans with 
theodolJte systems. Double theodolite systems were generally used, with 
the exccpLion of J\arlsruhe. During the first measuring phase of 
March 20 ~111d 21, pi.lot balloons were started in alternation with 
structllt·e sotHI(~s, so Uwt. t:he wind profiles were measured at 1.5 
hourly intervals. Temperature and humirti.ly profiles were recorded 
every thn'"c hours. 
The t.ime sched11l <' ror l.he 1'111.1.7\ measuring phnsr~s is contained in 
\':'lb. G//. 111·. W.'llk was rcsponsi.blP for the collect.ion of: these data. 
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6.3 Tethered Balloons 
The tethered balloon system with its sonde is a stationary system as 
opposed to radio sondes and structure sondes. It is also limited with 
respect to the height which can be reached. However, due to the low 
ascending speed of about 1 ms- 1 , the vertical resolution of the 
tethered balloon sonde is clearly better. 
During the TULLA campaign, three tethered balloons were used. See 
fig. 6/1 and tab. 6/3. 
Dr. Walk was responsible for the tethered balloon in Ulm, Dr. Ahrens 
for the one in Tauberbischofsheim and Dr. Gassman for the WUrenlingen 
balloon. 
6.4 Sodar 
With a Doppler-Sodar instrument (Sound ~etection ~nd ~anging), additio-
nal information concerning the wind profiles of a site near Ravensburg 
(fig. 6/1) was collected. These are the vertical profiles of back 
scatter amplitude, wind speed, wind direction and the standard devia-
tion of the vertical wind speed. Dr. Thomas was responsible for the 
Sodar data. Tab. 6/4 shows the operation data as well as the action 
data of the Sodar. 
6.5 Tower Measurements 
In Baden-WUrttemberg, five meteorological towers with a minimum height 
of 100 m are available in the Rhine Valley. Near the planned second 
nuclear power plant in übrigheim (fig. 6/1), a 163 m tower is located. 
Tab. 6/5 contains a 1ist of the most important data of all towers and 
a list of the instruments used. The data is recorded automatically and 
continuously, as was the case during the TULLA measuring phases too. 
Mr. von Holleuffer-Kypke was responsible for the collection of the 
tower data. 
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6.6 Surface Meteorological Measurements 
In Baden-Württemberg, numerous ground stations for the cöllection of 
meteorological parameters are operated by different institutions, 
for example: the German Weather Service (DWD), the Institute for 
Environmental Protection of the Land Baden-WUrttemberg (LfU) as well 
as by various power plants and industrial plants. All stations are 
listed in fig. 6/2. 
The DWD net includes 2 weather offices (Stuttgart and Freiburg) , 2 
weather observatories (Mannheim and Konstanz) as well as 7 weather 
observation stations (Öhringen, Karlsruhe, Stötten, Freudenstadt, Ulm, 
Klippeneck and Feldberg). At present, the LfU operates 20 automatic 
stations in its air pollution network. Every 0.5 hour, the data is 
recorded. The stations and the measured meteorological components 
are listed in tab. 6/6. 
7. Further Activities for the Determination of the Atmospheric Flow 
7.1 Tetroon-Flights 
Apart from the Eularian mesurements of the ground stations, of 
towers and radiosondes for the recording of the atmospheric flow field 
within the experimental area, tetroon flights allow a Lagrangian survey 
of the flow. A tetroon (tetrahedral balloon) follows the air flow on 
a surface with constant air density; this is due to its construction. 
The desired flight altitude, which depends on the prevailing tem-
perature and pressure profiles, is adjusted by means of ballast. 
During the TULL/\ measuring phases, 13 tetroons were started and 
tracked from four different locations. Tab. 7/1 shows the most im-
portant fligl1t information. Mr. Vogt was responsible for the 
evalution of the t.et.toon d<lt<l. 
-24-
7.2 Tracer Experiments 
The experiments were carried out by the Joint Research Centre Ispra 
and by the Institut für Meteorologie und Klimaforschung (IMK/KFK). 
Even though these experiments do not contribute directly to the 
problern of balancing air pollutants, one can nevertheless deduce 
turbulence parameters from the concentration values. 
In these experiments, an inert chemical tracer with an emission 
rate of approximately 28 g/s was emitted. SF6 was used as a tracer. 
The emission was effected through the 140 m high chimney of a 
municipal heating power plant, while westerly wind conditions pre-
vailed on March 23 and 25, 1985. On March 28, the emission took 
place from a 10 m high source without buoyancy, while the wind came 
from a north-westerly direction. 
At the lee side of the source, air samples (several samples, each 
lasting 0.5 h) were taken at specific points, whose tracer concen-
tration was afterwards analysed in the laboratory. These samples 
were collected at approximately 60 different measuring points, 
which were distributed along three arcs. Dr. Gagliane was responsible 
for the evaluation of the air samples. Tab. 7/2 containes the in-
formation concerning the emission and the sampling times. 
On March 23 and 25, 1985, SF6 samples, which were later analysed in 
the laboratory, were taken from the NILU-aircraft (Dr. Berg) at 20 
checkpoints along the flight pattern. At three checkpoints, the 
SF 6 concentration was clearly higher than the background. 
The distance between these checkpoints and the emission point was 
between 20 km and 140 km. The flight altitude was approximately 
500 m above ground. 
7.3 Analysis Data of the German Weather Service 
In addition to the meteorological measurements, the data set is 
complemented by further synoptic data, which have been collected by 
the German Weather Service. Apart from the existing data, which is 
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published regularly in the daily weather charts, objective analysis 
are available for the time interval of March 15, 1985, OOZ to April 1, 
1985, OOZ. These analysis, which are regularly worked out by ~he 
German Weather Service, are available in two different forms in the 
following sizes: 
1. Grid size 
time interval 
meteorological parameter 
air pressure p 
height of absolute 
topography H 
temperature T 
components of horizontal 
wind speed u, v 
relative humidity F 
2. Grid size 
time interval 
meteorological parameter 
air pressure p 
absolute topog.raphy H 
air temperature T 
254 km 
6 hours 
pressure levels 
ground (reduced to NN) 
950, 850, 700, 500, 300, 
200, 100 hPa 
dto. 
950, 850, 700, 300, 200, 
100 hPa 
950, 850, 700 hPa 
127 km 
12 hours 
pressure levels 
ground 
950, 850, 700, 500, 300, 
200, 100 hPa 
ground, 950, 850, 700, 
500, 300, 200, 100 hPa 
The second data set was inferred from the first set by interpolation 
and was initialized with the BKN-model (Baroklin) of the German 
- -
Weathe.r Service. 
In addition, information is available about the size and the location 
of th~ grid points to which the meteorological values are related. 
-26-
7.4 Satellite Data 
The AVHRR (~dvanced yery ~igh ~esolution ~adiometer) of the NOAA 
satellites supplies pictures in five spectral ranges 
0.58 0.68 ~m 
0.73 1 . 1 0 ~m 
3.55 3.93 ~m 
10.30 11.30 ~m 
11.50 12.50 ~m 
with a spatial resolution of 1 km within the sub-satellite point. 
During the TULLA campaign, the satellites NOAA-6 and NOAA-9 were 
in operation. The data was registered at the following stations: 
Oberpfaffenhafen (DVLR) , Bern (Department of Geography) and at 
Dundee (Department of Engineering and Electronics) . Up to 4 scences 
are available per day. After a preprocessing of the data at the 
DFVLR, the Department of Geography of the University Freiburg pre-
pared charts and tables of the brightness temperatures of the 
ground and of the cloud coverage for those pictures of larger cloud-
less areas, which could be classified spatially with the necessary 
precision. Thereby, the atmospheric influence on the brightness 
temperature of the ground surface was corrected with a terrain model 
based on radio-sonde ascents. 
Prof. Goßmann was responsible for these tasks. 
Tab. 7/3 contains a list of all scences included in the present 
evaluation. 
8. Immission Measurements 
8.1 Ground-based Concentration Measurements 
The immission measuring network with most stations in Baden-Württem-
berg is operated by the LfU. This automatic multicomponent immission 
measuring network is predominantly used for routine observations of 
urban areas. 
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Fig. 8/1 shows the position of the measuring stations and in tab. 
8/1 their co~ordinates (Gauß-Krüger-System) are listed. All stations 
are almost identically equipped in respect to measuring air pollutants. 
In tab. 8/2, the measuring components are listed. More than half of 
the stations convey their obtained measurment values directly in an 
on-line operation to the Measurement Processing Centre (MVZ) in 
Karlsruhe. The stations Mannheim, Karlsruhe and Stuttgart, in turn, 
are controlled by regional sub-centres and convey their data first 
to these preprocessing sub-centres, from where they are transferred 
to the MVZ. 
For each station, the data listed in tab. 8/2 is stored in the 
same format on magnetic tape as 0.5 h mean values. Dr. Obländer 
was responsible for the data of these stations. 
Apart from the immission measuring network of the LfU-BW, a large 
nurober of further measuring networks and single immission measure-
ments exist within the TULLA experimental area. These are operated 
by the authorities, by research institutions or companies. Tab. 8/3 
contains a complete list of the measuring stations, the contact 
partners, and the measuring components. 
8.2 Particle Measurements 
To gain further information on the distribution of air pollutants 
and their reaction products in the atmospheric boundary layers, 
eleven additional measuring stations were set up outside urban areas, 
where particulate pollutants as well as the so2 concentration are 
measured. Their position was orientated to the flight path of the 
aircrafts. These stations are marked in fig. 8/2. 
Between 9:00a.m. and 17:30 p.m., samples of up to eight half-hour 
mean values of the particle bound pollutants and the so 2 concen-
tration were taken at these stations. Tabs. 8/4 and 8/5 show the 
time interval of the TULLA measurement.s. At the station "Schauinsland" 
only particle collection was carried out (tab. 8/6). 
Dr. Jaeschke was responsible for these measurements. 
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In addition to the impactor measurments (see subsection 9.4), 
filter samples were collected, which were analysed with X-ray fluores-
cence (RFA) . The concentration of the following elements was deter-
mined: S, K, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Pb, Br, Sr, As, Se, Ba, 
Cl, Rb and V. Short time measurements (exposition duration 2 - ·3 
hours) were carried out at those ground stations listed in tab. 8/7. 
In order to characterize the immission situation during the TULLA 
experiment, additional filters for the sampling of time series of 
mean day values were added and analysed by means of RFA between March 
15, 1985 and April 9, 1985 in Hohenheim and at the LfU stations 
K~lbelescheuer, Karlsruhe and Mannheim. 
Prof. Schreiber was responsible for the RFA. 
8.3 Deposition 
During the Tulla experiment, measurements for the determination of the 
dry deposition of 802 were carried out at two locations, one was 
a glider-airfield over grassland in Linkenheim-Hochstetten, the other 
in a forest area at the "8chöllkopf'' close to Freudenstadt. At 
the 8chöllkopf, the terrain was complex, the local canopy 25 m high 
and the instruments were placed at 36.5 m. 
In Linkenheim-Hochstetten, measuring teams from the University 
Frankfurt, of the KfK and of the Argonne Nat. Lab. worked with the 
gradient measuring method and with the Eddy-correlation method. 
In principle, all measurements between March 19, 1985, and March 29, 
1985, were carried out continually. Due to technical difficulties 
(power failure, failure of equipment etc.), time lasses occurred. 
Tab. 8/8 shows the measuring time table of the KfK team. 
Dr. Weppner was responsible for deposition measurements. 
At the "Schöllkopf" the working team of the Atmospheric Turbulence 
and Diffusion Div. Oak Ridge, applied the Eddy-correlation method 
as well. 
The data report consists of half-hour averages of various turbulence 
parameters and 802 concentrations, fluxes and deposition veloeitles 
measured between March 19, 1985, and March 29, 1985. Due to various 
weather and instrumentation problems, the data record is not continous, 
However, for 440 out of 504 possible half-hour periods partial 
data is available. 
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8.4 C08PEC - Measurements 
A correlation spectrometer (C08PEC) is a remote sensing instrument 
used to determine the total content of 802 and N0 2 of an air column 
above the instrument. The measurement is based on the absorption of 
light by these air pollutants in a certain frequency ranges (802 in 
the UV, N0 2 in the visible); the incident sky light serves as the 
source of light. The employment of·C080ECs in a traveling van allows 
integral measurements of the air pollution of the airmasses along 
highway-routes. 
Three correlation spectrometers were used, which are owned and 
operated by: a) UBA pilot station Frankfurt, Dr. Beilke; b) GF8-Ispra, 
Dr. Sandroni and c) the Institute of Hygenics and Epidemology 
Belgium, Dr. De 8aeger. Tab, 8/9 contains a timetable of the 
measurements. 
9. Airborne Measurements 
Measuring activities from aircrafts can be divided into three 
categories: 
a) 7 aircrafts for the gas measurements of 80 2 , 
NOx and o3 , each time in two formations. 
Red formation: CEA, Goesens, NILU, TH Darmstadt 
(TULLA 1 R to TULLA 1R to TULLA 4R) 
Blue formation: CERL, DFVLR, University Frankfurt 
(TULLA SB to TULLA 78) 
Tab. 9/1 contains a list and a detailed description of the measuring 
instruments used in the aircrafts. 
b) 1 Jet - H8 125 (MPI Mainz/Fraunhofer Institut 
Garmisch-Partenkirchen) for vertical profiles 
of the tracer substances CO, o3 , NO, NOY, H2o, 
CH 4 , CFM and KW. 
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c) 1 motorglider and a single motor twin-seat 
machine, mainly for meteorological parameters. 
9.1 General Information about the Red- and Blue Formation 
The following principle determined the planning .of the flight 
patterns: The inflow and the outflow of the pollutants within 
the experimental area is to be completed in the shortest. possible 
time. 
As a consequence, 8 flight routes have been determined; those 
which aremarkedas L1, L2 and L3 run almostparallel to the Rhine 
in a north-south direction, those which are marked as T1A, 
T1B, T1C, T2 and T3 run in a crossway direction (see chart 9/1). 
Along the flight routes, certain time checkpoints were fixed. 
Each checkpoint was determined on the enclosed map in respect to 
the radial axis or to DME reports by radio navigation systems. 
As a rule, a distinct ground mark was chosen as a checkpoint. 
The time of the crossing of theses checkpoints was noted 
by the crew. 
The exact description of the flight routes can be taken from 
tab. 9/2 and 9/3. 
In tab. 9/4, the geographic co-ordinates of the checkpoints 
are listed from 1 to 55. 
The flight pattern to be flown was dependant on the prevailing 
wind directions of that day. A total of three flight patterns 
had been prepared, as can be seen in figs. 9./2.to 9/4. The 
relation between flight pattern and wind direction can be taken 
from tab. 9/5. The respective patternwas flown by the two 
formations (red and blue) at different altitudes. The flight 
velocity of the two formations was 120 kt TAS (true air speed). 
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9.2 Flights Performed by the Red- and Blue Formations 
On six days, measuring flights were carried out. The timetable and 
the arrangement of the aircrafts during these flights are listed in 
tab. 9/6. The take-off and landing times as well as the prescribed 
altitudes are given in tab. 9/7. Therefore, tab. 9/6 combined with 
figs. 9/5 to 9/9 allows the determination of the flight altitude of 
each aircraft at the respective checkpoint. 
9.3 Sampling of Particulate Components 
Apart from the continuously operating instruments measuring the 
gaseous pollutants, pumps were used in the aircraft, which accumu-
late partiales (SO~-, No; , Cl-) on filters. Accumulation times range 
between 15 and 30 minutes, which corresponds to integral measurements 
over a distance of approximately 60 to 110 km at a flight Speed of 
120 kt. Tabs. 9/8 and 9/9 give a survey of the flight patterns and 
of the approximate accumulation time for the filter. 
9.4 Impactor Measurements 
Five-staged mini-impactors were used in two aircrafts (University 
Darmstadt, Goesens) and 7 ground stations. The evaluation of these 
impactors by means of laser-microsonde mass analysis furnished in-
formation about the chemical composition of the partiale material 
in different size categories at the different locabions and during 
different flight phases at two different altitudes (see tab. 9/10). 
Prof. Wieser was responsible for the evaluation of the mini-impactors. 
By analysing the samples by means of X-ray fluorescence, the 
following elements were analysed: S, K, Ca, Ti, Cr, Mn, Fe, Ni, 
Cu, Zn, Pb, Br, Sr, As, Se, Ba, Cl, Rb and V. These analyses were 
carried out by Prof. Schreiber. 
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9.5 Jet - HS 125 
This aircraft was based at Stuttgart Airport. Prof. Seiler was res-
ponsible for these measurments. 
A total of 4 measuring flights was carried out, which lasted, in-
cluding the transfer (the home base is Köln Airport), approximately 
20 hours. The operation timetable can be taken from tab. 9/11. 
During all flights, the tracer gases CO, o3 , NO, NOY and H2o were 
continuosly measured. In addition, air samples were taken during the 
first three flights, which were transported to Mainz the same evening 
in order to be analysed with respect to the contents of chlorfluor-
methanes, hydrocarbonates as well as N2o, cu 4 , CO and H2 . Due to 
analysis problems, air sampling was no Ionger possible during the 
last flight. 
The above mentioned tracer gases were determined during quick 
descents and ascents of the aircraft. The descending and 
-1 
ascending rates of the aircraft ranged between 8 - 10 m sec • 
For aeronautical reasons, these "Delphin'' flights were carried 
out under visual flight rules, thus allowing altitudes between 
500 feet to 9500 feet above ground. 
As four to five minutes were needed for each vertical profile, 
up to 40 vertical profiles could be measured per flight. From 
this, the vertical and horizontal two-dimensional distributions 
of the measured tracer gases can be calculated. 
9.6 Motor glider ASK-16 
A motor glider ASK-16 based at Birrfeld Airport, close to 
Baden-Schweiz, was used. Dr. Gassmann was responsible for 
these measurements. 
The measured elements were temperature, relative and absolute 
humidity, ozone and flight altitude at intervals of 1 second. 
The motor glider measurements were carried out along a West-
eastern traverse, on the southern border of the experimental 
area between Rheinfelden-Schopfheim and Romanshorn-Immen-
staadt (fig. 9/10). 
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The flight altitude was between 150 - 250 feet above ground, 
whereas spiral flights up to 3000 m NN were carried out at 
the turning points, see tab. 9/12. The operation times are 
listed in tab. 9/13. 
9.7 Single Motor Aircraft Bölkow 207 
Between the radio-sonde stations Karlsruhe and Mannheim, 
measurements of the temperature and humidity fields were 
carried out by the "Akaflieg" Karlsruhe with a motor plane 
Bölkow 207. Mr. Walter was responsible for these measurements. 
The flight route was on a straight line between the TULLA 
radio-sonde stations Karlsruhe and Mannheim, with a length 
of 54 km, rwk 014° (194°). 
Fix points along the route were: 
1) Institute for Environmental Protection of the Land 
Baden-Württemberg, Karlsruhe-Neureut 
2) Linkenheim Airport, 500 m east of the hangar 
3) KKW Philippsburg, km east of the cooling tower 
4) Refinery Speyer 
5) Herrenteich Airport 
6) Rohrhof, a village south of Mannheim (artificial 
lake in a gravel pit) 
7) Weather Observatory Mannheim (district of Vogelstang). 
In the area of Philippsburg, one vertical profile was flown 
as well as three horizontal traverses. Two traverses were to 
be flown beneath a possibly existing inversion, one was to 
be flown above this inversion. This flight profile is 
schematically depicted in fig. 9/10. The highest flight 
traverse was to be 200 m above the top of the inversion, the 
middle one was to be beneath the inversion and the lower 
traverse was not to fall below 250 m GND. 
If there was no inversion, traverses were flown at a res-
pective altitude of 250 m, 600 m and 900 m GND. Flights 
were performed at 4 days, see tab. 9/11. 
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The measured data were recorded by a data logger AK4 of the "Aka-
flieg" in Karlsruhe. The scanning rate is 4 Ilz for T, Tf and p. 
10. Topographical Data 
The existing topographical data is based on an investigation into 
the topography of the entire Federal Republic of Germany, which 
was set up by the telecommunications engineering department of 
the Federal Post Office (Deutsche Bundespost) in the years 1965 - 72. 
The investigation area covers 5°50' to 14°0' longitude and 47°12' 
to 55°0' latitude north. 
The topographical heights were maually digitized from maps with a 
scale of 1:25000. Aland use index of the area was inferred from 
maps with a scale of 1:50000. The basic grid consists of a 5'' x 
5'' screen. This screen was changed from geographic co-ordinates 
to a 101.6 m x 101.6 m screen within the UTM net for zone 32 U. 
The KfK commissioned topographical data in a 5 x 5 km 2 screen for 
the area of the Federal Republic of Germany from the IABG, the 
original administrator and user of these data files. The co-ordi-
nates on the south-western rim of this screen are 6°3'41'' east, 
47°10'4'' north. From this screen, a smaller one was chosen for 
the area of Baden-WUrttemberg (fig. 10/1), which is bordered by the 
following co-ordinates: 
47° 23' 34'' N 
49° 49' 22'' N 
7° 23' 7'' 0 
10° 25' 48'' 0 
This means 55 crossing points in the north-south direction and 
47 in the west-east direction. 
The land use index is divided into 8 characteristic categories: 
large residential area, small residential area, forest, bush, 
mountain pine forest, dry agricultural soil and sand, wet 
agricultural soil, meadows and moor, water (fresh and salt water). 
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At present, a refined 1 x 1 km 2 screen for the area of Baden-Württem-
berg as well as the completion of the 5 x 5 km2 data file at its 
borders (Vogese mountain range) is ordered. 
11. Lfst.of Addresses 
Tab. 11/1 contains a list of all participants in the TULLA experiment. 
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Tab .. 
Tab .. 
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Tab .. 
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Tab .. 
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Tab., 
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Tab .. 
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Tab .. 
Tab., 
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Tab,. 
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Tab .. 
3/1: 
3/2: 
3/3:. 
3/4: 
3/5: 
6/1: 
6/2: 
6/3: 
6/4: 
6/5: 
6/6: 
7/1: 
7/2: 
7/3: 
8/1: 
8/2: 
8/3: 
8/4: 
8/5: 
8/6: 
8/7: 
8/8: 
8/9: 
9/1: 
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Table Index 
fJiembers of the management group and their 
responsibilities. 
Measuring teams and their contributions 
Weather types 
Wind-direction and flight pattern 
Measuring phases during the TULLA experiment 
Radio-sonde ascents 
Structure-sonde ascents 
Tethered balloon ascents 
Information about SODAR 
Met towers higher than 100 m in Baden-Württemberg 
LfU-stations which register meteorological para-
meters 
Tetroon-flights 
Information about tracer-experiments 
NOAA-Satellite pictures during TULLA 
Position of the stations within the air-
measuring net in Baden-Württemberg 
Measuring components of the LfU stations in 
Baden-Württemberg 
Further measuring·stations 
Measurement intervals of the TULLA-ground 
measuring stations 1-10 -particle collection 
Measurement intervals of the TULLA-ground 
measuring stations 1-10 -so2 enrichment 
Measurement intervals of the TULLA-ground 
measuring station "Schauinsland" -particle 
collection 
Ground-based mini-impactors 
Deposition measurements in Linkenheim, 
measuring team KfK. 
Schedule of the COSPEC-measuring vans . 
Summary of the instruments used in the aircraft . 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
Tab. 
912: 
913: 
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915: 
916: 
917: 
918: 
919: 
9 I 1 o: 
9 I 11 : 
9112: 
9113: 
9114: 
11 I 1 : 
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Geographie co-ordinates of the time check 
points of the north-south routes L1 to L3 
Geographie co-ordinates of the time check 
points of the west-east routes T1A to T3 
List of the arranged geographical co-ordinates 
of all checkpoints 
Flight pattern and wind direction 
Flights performed and arrangement of the 
aircraft 
Time schedule of flights 
Information as to the partiele-beund measure-
ment, flight pattern C 
Information as to the partiele-beund measure-
ment, flight pattern C 
Airborne mini-impactors 
Time schedule of the aircraft HS 125 
Vertical profile of the flight route of the 
motor-glider ASK-16 
Time schedule of the motor-glider ASK~16 
Time schedule ofi the Bölkow 207 
List of all participants of the TULLA-ex-
periment 
E'ig. 
:FTig. 
Fig. 
Fig. 
Fig .. 
:B'ig .. 
Fig. 
Fig. 
Fig .. 
?ig .. 
Fig. 
Fig. 
Fig. 
Fig .. 
Fig .. 
l~ig .. 
Fig .. 
:E'ig" 
Fig .. 
l!'ig" 
Fig .. 
Ii'ig. 
Fig .. 
:E'ig .. 
ih.g .. 
4/1: 
L~/2: 
4/3: 
4/4: 
4/5: 
4/6: 
4/7: 
4/8: 
4/9: 
4/10: 
4/11: 
4/12: 
4/13: 
4/14: 
4/15: 
4/16: 
LJ-/17: 
4/18: 
4/19: 
4/20: 
4/21: 
4/22: 
4/23: 
l.J-/2L~: 
4/25: 
4/26: 
l.J-/27: 
L~/28: 
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Figure Index 
Surface chart of 15.3.1985 12 UTC 
Pressure surface 300 hPa of 15.3.1985 00 UTC 
Surface chart of 17.3.1985 12 UTC 
Pressure surface 300 hPa of 17.3 .. 1985 00 UTC 
Surface chart of 18 .. 3 .. 1985 12 UTC 
Pressure surface 300 hPa of 18 .. 3 .. 1985 00 UTC 
Station report in Baden-Wtirttemberg 
of 18.3.1985 12 UTC 
Surface chart of 19 .. 3.1985 12 UTC 
Pressure surface 300 hPa of 19 .. 3 .. 1985 00 U'I'C 
Station report in Baden-Wtirttemberg of 
19 .. 3.1985 06 UTC 
Station report in Baden-Wtirttemberg of 
19.3 .. 1985 12 UTC 
Surface chart of 2o .. 3.1985 12 UTC 
Pressure surface hPa of 2o .. 3.1985 00 UTC 
Station report in Baden-Vltirttemberg of 
2o.3.1985 12 UTC 
Radio-sonde ascents of 2o.3 .. 1985 00 UTC 
Surface chart of 21.3.1985 12 UTC 
Pressure surface 300 hPa of 21 .. 3 .. 1985 00 lPrC 
Station report in .3aden-VJtirttemberg of 
21.3.1985 12 UTC 
Burface chart of 22.3.1985 12 UTC 
Pressure surface 300 hPa of 22 .. 3 .. 1985 00 m:c 
Station report in Baden-Wtirttemberg of 
22.3.1985 12 UTC 
Surface chart of 23.3 .. 1985 12 UTC 
Pressure surface 300 hPa of 23 .. 3.1985 CO U'J:c 
Station report in Jaden-Wtirttemberg of 
23 .. 3 .. 1985 12 UTC 
Burface chart of 24 .. 3 .. 1985 12 UTC 
Pressure surface 300 hPa of 24.3.1985 00 UTC 
Station report in 'Jaden-Htirttemberg of 
24.3.1985 18 UTC 
Radio-sonde ascent of 24.3 .. 1985 00 UTC 
Fig. 
Fig. 
Fig .. 
J'ig .. 
J'ig .. 
Fig .. 
:Fig .. 
Fig .. 
Tl. 
.L'lg .. 
Fig .. 
Fig .. 
ffig. 
Fig .. 
?ig .. 
Fig .. 
J!'ig .. 
Fig .. 
Fig. 
Fig .. 
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}T'ig .. 
Fig .. 
Fig" 
Fig. 
Fig .. 
Fig .. 
4/29 
4/30: 
4/3"1: 
4/32: 
4/33: 
4/34: 
4/35: 
4/36: 
4/37: 
4/38: 
4/39: 
L~/40: 
4/LV]: 
4/42: 
4/4-3: 
4/LJ-Ll-: 
4/45: 
4/46: 
LJ-/LJ-7: 
6/'1: 
6/2: 
8/1: 
8/2: 
9/1: 
9/2: 
9/3: 
9/4: 
9/5: 
9/6: 
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Surface chart of 25 .. 3 .. 1985 12 UTC 
Pressure surface 300 hPa of 25 .. 3 .. 1985 00 UTC 
Station report in 3aden-Wlirttemberg of 
25.3 .. 1985 15 UTC 
Tiadio-sonde ascent of 25 .. 3 .. 1985 00 UTC 
Surface chart of 26 .. 3.1985 12 UTC 
Pressure surface 300 hPa of 26 .. 3 .. 1985 00 urrc 
Station report in I3aden-Wlirttemberg of 
26.3.1985 12 UTC 
Surface chart of 27 .. 3 .. 1985 12 UTC 
Station report in I3aden-\'ilirttemberg of 
27.3 .. 1985 18 UTC 
Pressure surface 300 hPa of 27 .. 3 .. 1985 00 UT·c 
Radio-sonde ascent of 27 .. 3.1985 CO UTC 
Surface chart of 28 .. 3.1985 12 UTC 
Pressure surface 300 hPa of 28.3.1985 00 UTC 
Station report in Baden-Wlirttemberg of 
28.3.1985 12 UTC 
Radio-sonde ascent of 28.3.1985 00 UTU 
Burface chart of 29 .. 3 .. 1985 12 UTC 
Pressure surface 300 hPa of 29 .. 3.1985 OG lYW; 
Station report in .Saden-Wlirttemoerg of 
29.3 .. 1985 06 UTC 
Radio-sonde ascent of 29.3.1985 00 JTC 
Position of vertical soundinß systems 
Ground meteoroloe;ical stations 
Immission-measuring network continuously in 
action - as well as special measurinß networks 
i\Ieasuring stations for so2 and particle bound pollutants 
Description of the flight routes 
Flight pattern A 
Flight pattern .d 
Flight pattern C 
1llS1np; and sinkinz; of the lower flicht level 
for fiight raute L1 and L2 
?ising and sin%ing of the lower flight level 
for flizht raute L3 
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Fig. 9/7: Rising and sinking of the lower flight level 
for flight route T'1A and T'1.B 
Fig .. 9/8: p .. .. ,lSlllg and sinking of the lower flight level 
for flight route T'1C and T2 
Fig. 9/9: Rising and sinking of the lower flight level 
for the flight route T3 
Fig .. 9/'10: Flight route of the motor-glider ASK-'16 
Fig .. 9/'1'1: Vertical profile of the Akaflieg Bölkow 207 
Fig. '1 o/'1: 3D-Plot of the model-area 
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Overall scientific responsibility 
Emission 
Heteorology 
~racer and Tetraon-experiments 
Aircraft-measurements 
Aircraft logistics,-navigation 
Air chemistry 
Immissions - gaseous pollutants 
Immissions - .reaction-products 
Advisory activity in chemistry 
Simulation of models 
Coordination of the experimental 
contributions of the CEC activities 
Overall coordination 
Fiedler 
Friedrich 
Fiedler 
Walk 
Vogt 
Jaeschke 
Schufmann 
Jaeschke 
Obländer 
Jaeschke 
Filby 
Fiedler 
Stingele 
Vogt 
Table 3/1: Members of the management group and their 
responsibilities 
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Person 
Institute responsible Contribution 
Institute for Public 
Envlronmental Research 
Brüssel 
Studiecentrun vo:::>r Kernenergie 
Centre d'Etude de 1 'Ene~ie 
~lnirt> 
lbl 
Bundesrepublik Deutschland 
Landesanstalt für 
Umweltschutz Karlsruhe 
Institut für Anorg. und 
Kernchemie 
TU-Darmstadt 
Institut fUr Verfahrens-
technik und Dampfkessel-
wesen 
Uni-Stuttgart 
Umwe 1 tbundesamt-P ilot-
statlon-re ldberg 
Offenbach 
de Saeger 
Vanderborght 
Ahrens 
obländer 
Bächmann 
Baumbach 
Beilke 
Cnergleversorgung Schwaben Belslog 
Stuttgart 
Landesanstalt für Umwelt- Bockholt 
schutz und Gewerbeaufsicht 
Hainz 
Institut für Kernenergetik 
Unl-Stuttgart 
Institut für Phys. Geo, 
Uni-Frelburg 
Badenwerk AG 
Karlsruhe 
Zentrum für Umweltschutz 
Uni-Frankfurt 
Badische Anilin- und Soda-
fabrik, 
Ludwigshafen 
Neckarwerke AG 
Esslingen 
Deutsche Forschungs- und 
Versuchsanstalt fUr Luft-
und Raumfahrt, 
Oberpfa f fenhofen 
Friedrich 
Goßmann 
Häsler 
Jaeschke 
Hutz 
Hecker 
Paffrath 
Peters 
Cospec Fahrzeug 
Tracer 
Experiment 
Fesselballonsonde 
Radiosonde 
Imissions-
messungen 
Flugzeugmessungen 
von so 2 , NOx, o 3 
und Sulfaten 
IIM1issions-
messungen 
Cospec Fahrzeug 
Immissions-
messungen 
Immissions-
messungen 
Emissionskataster 
Satellitenlider 
Immissionsmessungen 
FLugzeugmessungen 
wie TU-Darmstadt 
Partikelmessungen 
Kalibrierung 
Immissionsmessungen 
Meteorologische 
Messungen 
Immissionsmessungen 
Flugzeugmessungen 
wie TU-Darmstadt 
Table 3/2: .Measuring teams ::tnd their contrihutions 
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Continuation Table 3/2 
Institut fUr Physik 
Uni-Hohenheim 
Hax-Plank-Instiut 
Hainz 
Abteilung fUr Angewandte 
Systemanalyse 
KfK-Karlsruhe 
Institut fUr Meteorologie 
und Klimaforschung 
KfK und Uni-Karlsruhe 
Frankreich 
Commissariat a 1 'Energie 
Atomique, 
Saclay 
Europäische Gemeinschaft 
Schreiber, 
Wieser 
Seiler 
Schufmann 
Fiedler, 
HUbschmann, 
Nester, Themas, 
Vogt, Heppner, 
Walk 
Carbonelle 
Gemeinsame Forschungsstelle Gaglione, 
der Eu~op. Gemeinschaften, Sandroni, 
Ispra 
Niederlande 
Geosens, 
Rotterdam 
Norwegian Institute for 
Air Research, 
Lillestroem 
Eidgenössisches Insti~ut 
fUr Reaktorforschung, 
WUrenlingen 
Vereinigtes Königreich 
Central Clectricity 
Generating Board, 
Leatherhead 
Argonne Nat, Lab,, 
Argonne 
Atmospheric Turbulence 
and Diffusion Division 
Labaratory, 
. Oak Rldge 
Blommers 
Berg 
Gassmann 
Marsh 
\'lesley 
lllcks 
Röntgenfluoreszenz-
analyse 
Laserinduzierte Has-
senspektrometrie von 
Partikeln (LAMIIA 500) 
Flugzeugmessungen 
von Spurengasen bis 
zur Tropopause mit 
einem Jet 
Flugzeugplanung, Navi-
gation, Sicherheits-
aspekte 
Management, 
metearalog i sehe 
Messungen, 
Radiosonden, 
gefesselte Sonden, 
SODAR, radarverfolgte' 
Tetroon FlUge, trockene 
Depos 1 t ion von so2 I 
Hodell::dmulation 
Flugzeugmessungen 
wie TU-Darmstadt 
Tracer Experimente, 
Cospec Fahrzeug 
Flugzeug Messungen 
wie TU-Darmstadt 
Flugzeug Messungen 
wie TU-Darmstadt 
Motorsegler, 
Fesselballon 
Flugzeug Messungen 
wie TU-Da.rmstadt 
trockenen Deoposition 
von so 2 
trockene Deposit 1on 
von 502 
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Type I .. Western weather situation with wind speed 
greater than 3m/s at 10 m height 
Type II.. VJeather situation with easterly flow 
Type IIIe High pressure situation with weak low level flow, 
no clear wind direction, distinct thermal 
vertical structure 
Table 3/3: Weather types 
VJind direction flight pattern 
----~---
210° to 270° A 
270° to 330° 
45° to 135° B 
0 to 45° 33o0 135 to 210° c 
Table 3/4: Wind direction and flight pattern 
Measuring 
phase Beginning UTC CET End UTC CET 
i Wed. 20.3.83 12:0 1 3:0 Fri .. 2'2.3.85 .oo: 0 1 : 0 
2 Sat. 23.3.85 6:0 7:0 Sun. 24. 3. 8 5 6:0 7:0 
3 Non. 25.3.85 6:0 7:0 Tue .. 26. 3. 8 5 6:0 7:0 
1 Thu. 28.3.85 1 2 : 0 13:0 Fri. 2 9 . 3 . 8 5 12:0 1 3: 0 "i 
Table 3/5: I-leasuring phases during the TULLA. experiment 
Type of 
weather 
III 
I 
I 
I 
Flight pattern 
c 
A 
A 
B, A 
~ 
c.n 
I 
Measuring CD @ -phase 
Wed .. Thu .. Fri .. Sat .. Sun .. Mon .. 
Date 20.3. 21.3. 22.3. 23.3. 24.3. 25.3. 
-oo 1800 
00 
:t800 ~·oo Q(J. !800 600 i-200 6 6 6 
Time, UTC I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
1200 
., 00 
00 1200 0000 900 1200 0000 600 
Stuttgart 
I I I I I I I l I I I I I I I (315 m Höhe, I I I I I I I I I I I I I I I I I 
48°50' 1 9°12') 
Neuhausen o. E 
I I I I I I I I I I I I I (807 m Erone, I I I I I I I I 
' ' 
I I I I 
47°58'' 8°54') I 
Table: 6/1 Radio-Sonde ascents 
I Ascents wi th wind, temperature and humidi ty 
: Ascents only wi th wincl 
@ 
Tue .. Thu .. 
26.3. 28.3. 
oo':)o 1200 
I I I I I I I I I 
1'800 600 1800 
I I r I I I I I I I I 
I I I I I I I I I I 
--
0 
eooo 
I I 
I 
I 
Fri .. 
29.3. 
1200 
!. I I 
600 
i I I i 
I I I I 
I 
I 
~ 
0) 
I 
Measuringl' 
phase 1 I 2 I 3 ~ 
Thu.. 1 Fri. 
26.3. ~9.3. 
Wed .. I Thu .. I .Sat. 1 Sun .. l Mon. 1 Tue .. Date 20.3. 21.3. 23.3. 24.3. 25.3. 26.3. 
12 15 18 21 1 3 6 9 12 15 18 L 12 15 18 21 OL 6l6 9 12 15 18 21 or 3 6 1 12 15 18 21 1 3 6 9 12 
'Hannheim II III 111111 11111 11111 II I I I I I I I I I I I I I I I I I I 1· I I I I I I I 
196 ,. ; SIOPSPSPXPSFE:EPSFESPS::PXPSXX SES :E SES S S S S S S S S X S S SE 5 S S S S S S SE X 
1'0031 'w33 ') 11111111111111111111111 I I I I I I I I I I I I I I I I I I I I I I I I I I 
1 
Bad ·~rgenth II I I II I II II II II II I II II II I I I I I I I I I I I I I I I I I I I I I I I I I I I 
SPSPSPSPSPSPSXSP5P5P5PSPS S S 5 S 5 5 5 S S 5 S 5 5 S 5 5 S 5 S S S 5 S S 5 S ~;~~2~w5n[lllllllllllllllllllllllll I I I I I I I I I I I I I I I I I I I I I I I I I I 
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Taole 6/2: Structure-Sonde ascents S: Ascent r~rith Radio-Sonde 
P: Only pilot balloon 
X: Omittance 
E: Only one theodolite 
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Table 6/3: Tethered balloon ascents F: Ascent to full height 
U: Ascent, but full height not reached 
X: Ho ascent, or ascent not evaluable 
SODAH-Location: 
Time of operation: 
Measured parameter: 
Averaging time of 
these parameters: 
Lowest measuring 
height: 
Height intervals: 
ITighest measuring 
height: 
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\'Jeißenau bei Ravensburg 
47°46 I 18" I 9°35 1 30" 
from 19.3.1985 
to 29.3.'1985 
8:oo u~c 
12:00 urrc 
back-scatter amplitude 
horizontal wind speed 
vertical wind speed 
horizontal wind direction 
standard deviation from wn 
standard deviation from w 
30 min 
50 m a .. g.l 
50 m 
'1000 m a.g.l 
Table 6/L~: Information ab out SODAH 
460 m u .. N.N .. 
WR 
c\m 
a 
w 
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Instruments 
Location Operator Height of wo WS temperature humidity turbulence type of data 
acquisition 
·-Power- KKP/IMJ< 7 X X X digital, 
station 49°15'10~ 40 X X X X magnetic tape 
Philippsburg 8°26'35" 70 X X X 1 - h values 
(98 m MSL) 120 X X X x· 
KFK- IMJ</KFK 20 X X 
Leopoldshafen 30 X X X X (109 m MSL) 40 X X digital, disc, 
49° 5'54 11 60 X X X magnetic tape 
8°26' 2" 80 X X 10-min. values 
100 X X X X X 
130 X X X 
160 X X X 
200 X X X X X 
Ground- rain, pressure, radiation, 
station temperature, humidity, vectorvane 
Freistatt Baden- 11 X X X digital, 
(128 m MSL) werk/IMJ< 41 X X X X punched tape 
48°40'35" 100 X X X 30-min. values 
7°55'10" 160 X X X X 
Wyhl KWS/IMJ< 11 X X X digital, 
(172m MSL) 40 X X X X punched tape 
48°1 1 '5" 101 X X X 30-min. values 
7"38' 10" 163 X X X X 
Schwör- Baden- 10 X X X digital, 
stadt werk/IMJ< 20 X X X punched tape 
(288 m MSL) 40 X X X X 30-min. values 
47°35'10" 80 X X X 
7°50'30" 160 X X 
Obr:igheim DWD 12 X X X digital, I (270 m MSL) 40 5 X X X X punched tape 
48°21' 101 X X X X 30-min. values 
g• 3 j 
I 
160 X X X X 
I 
Ground- rain, pressure, radiation 
station 
Table 6/5: Met towers higher than 100 m in Baden-Württemberg 
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Location Wind ~wind - Temp. Precipi-(Gauß-Krüger) - Dew- Global dire~- speed Station 
co-ordinates tian erature point radia- tation 
tion 
R\'l HW I 
Mannheim Nord 3463 5490 + + + + + I 
Mannheim Mitte 3462 5482 + + + + + + 
: 
Heidelberg 3477 5476 + + + 
! Karlsruhe West 3453 5430 + + + + + l 
: 
Eggenstein 3457 5438 + + + + + : : 
Rastatt 3442 5414 + + + + + + I 
l 
Kehl 3412 5383 + + + + + + l ( 
Freiburg 341 3 5319 + + + + + I ! 
Weil am Rhein 3397 5273 + + + + + + i 
I S-Bad Canstatt 3517 5408 + + + + \ 
l S-Zuffenhausen 3513 5410 + + + + 
I 
I 
S-Hafen 3520 5402 + + + + + I 
Esslingen 3524 5399 + + + + + + 
Plochingen 3530 5397 + + + + + + 
Ludwigsburg 3518 5418 + + + + + + 
Heilbronn 3516 54 4 7 + + + + + 
Göppingen 3550 5396 + + + + + + 
Aalen-Wasseralt 3580 5413 + + + + + + 
Reutlingen 3515 5372 + + + + + + 
Staufen + + + + + + 
Table 6/6: LfU-stations which register meteorological parameters 
--------
Tetroon Transponder Date 
LaunchinFZ: 
·Time 
Site UTC 
TU8501 T16 20.3. Weingarten 12:05 
114m }1SL 
49°2'54" 
8°31 '35" 
TU8502 T12 21 . 3. Klippen- 10:27 
eck 
TU8503 T25 21 . 3 960 m 1'1SL 1 4 : 1 2 48°6'20" 
8°45'30" 
rrusso4 - 23.3 Minfeld 8:26 
TUBSOS 23.3. 161 m rlfSL 11 : 0 0 - 49°5'3" 
TU8506 - 23.3. 8°8'30" 13:03 
TU8507 - 23.3. 16:43 
TU8508 - 25.3. Minfeld 7:51 
TU8509 - 25.3. 161 m I1SL 10:49 49°5'3" 
TU8510 - 25.3. 8°8'30" 16:05 
TU8511 - 28.3. Katzen- 11 : 0 0 
TU8512 28.3. buckel 13:03 - 58 0 m 1'1SL 
TU8513 - 28.3. 49°28'12" 14: 17 
9°2'3()'! 
- ----- ------ -
Table 7/1: Tetroon-flights 
Average values 
H (m) ü (m/s) DD (Grad) 
200 1 '9 214 
150 4,4 67 
Transponder not 
in operation 
1100 12,9 231 
700 10,4 234 
750 8,9 227 
450 9,5 209 
400-+1500 11 , 0 239 
600 6,9 192 
550 6,8 209 
800 9,0 298 
250 6,7 275 
350 8 '1 280 
--
--·--·· 
R (km) 
5 
41 
51 
71 
98 
84 
111 
11 1 
87 
35 
7 
1 4 
tracked to 
t (h :min) 
0:53 
2:48 
0:29 
1 :55 
3:07 
2:27 
2:51 
4:53 
3:40 
1 :0 8 
0: 1 9 
0:30 
I 
I 
01 
1\) 
I 
Date 
Emlaalon s1 te 
Ernleeion helght 
Rate of emiaaion(g/s) 
Time of emlaaion 
in UTC 
averege dlatanee of 
clrcular are from 
the source in km 
1. Are 
2. Are 
3. Are 
Coll ee t lng t1 me 
(UTC) 
Amount of 
eolleetion perloda 
Amount of 
collectlon el tee 
1. Are 
2. Are 
3. Are 
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23.3.1985 
Heizkraftwerk 
Kerlsruhe (IIKW) 
140 m 
28,1 
10:00 - 14:55 
12 
33 
60 
12:00 - 15:00 
6 
16 
20 
24 
25.3.1985 28.3.1985 
IIKI~ Katzenbuckel 
140m 10m 
28,5 27,1 
~:30- 14:20 11:00- 15:07 
12 13 
33 24 
60 58 
12:00- 14:30 13:30- 15:30 
5 4 
16 
20 
24 
16 
20 
24 
Table 7/2: Information about tracer-experiments 
I 
Satelli te Date Time (UTC) 
NOAA-9 20.3. 3.08 
NOAA-9 6.58 
NOAA-9 12.58 
NOAA-9 21 . 3. 2.58 
NOAA-9 22.3. 2.36 
NOAA-6 25.3. 6.37 
NOAA-9 26.3. 2.04 
NOAA-9 6. 15 
NOAA-9 27.3. 1. 53 
NOAA-9 29.3. 8.23 
NOAA-9 13.02 
Table 7/3: NOAA-Satellite pictures during TULLA 
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Station Location co-ordinates 
Rechtswert Hochwert 
K a r 1 s r u h e - ~H t t e 3457 5431 
KcH 1sruhe-Hest 345) 5~30 
Karlsruhe-Neureut 3454 5434 
Eggenstein 3457 5438 
Hnnnheim-Hitte 3462 5402 
~1a nnhe i m-Nor d 34 6) 5490 
~~ .J n n h e i m-S li d 3466 5477 
tleide1berg 3477 5476 
Stuttgart-Zuffenhausen 3513 5410 
Stuttgart-Hitte 3512 5404 
Stuttgart DC 3517 5408 
Stuttqart llafen 3520 5402 
t.udwigsburg 3510 5410 
Esslingen 3524 5399 
Plochingen 3530 5397 
Ulm 3573 5363 
lleilbronn 3516 5447 
Göppinqen 3550 5396 
l\alen 3580 5413 
Reutlingcn 3515 5372 
Rastatt 3442 5414 
Kehl 3412. 5303 
Freiburq )413 5319 
Weil am Rhein 3397 5273 
Münstertal, Kälbelesscheuer 3408 5297 
Rudersberg, Edelmannshof 3542 5416 
Table 8/1: Position of the stations within the 
air-measuring net in Baden-Württemberg 
~ 
~Ieasuring si te -
- Name o:f station 
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.. 
c c ~ 
. - -
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Cl 
"' "' tJ ... ... c c 
'- ::s 
" 
c:: c 
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"' •• 
., c tJ .., 
-e ... .:> 
-· 
... '- <:1 .. '- E 
" 
u 
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" - -· "' 
::s <:4 ... 
.Q " 
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0 ~ 0 i: "' "' tJ " ... " 2: Oll 
" 
3 2: t.l ... 
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." 
. 
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"' 
.c 
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~ Q 
comnonents 
.., 
-< ." '-' 
"" 
." ." ~ 
"' " 
'- <I ' . :<: ~ :<: = :.: "" 
X: X: c:: X: :... J: 
"' 
Oll 
dust contents X X X X X X X X X X X X X 
caroon :nonoxide X X X J~ X X X " X X X X X 
carbon dio::cide X X X X. X X X J( 7. X :r. X X 
sum. 01 caroonyd.rate X X X X X X X :r. X 7. X Ä X X 
without EJ.ethane 
nitrogen monoxicie X X X X X X X T. X X X X X X 
nitrogen dioxide X X X )( JC X X X X X X X X X 
sulfur dioride X X X X )( X X X X X X X X X 
ozone X X X X X X X :r.: X :r. 
'!lind direction )( X )( X ;,.: X X X )( 
';lind speed X X X X 7. )( X X X 
air temverature )( )( )( X X )( X X X )( 
dew point J( X X )( !t X X X X X 
global raciiation )( 
" 
X X X )( X X 
" 
X 
amoun-c 01 X X J( 
nrecinitation X 
noise level X X 
" " 
X J< J< 
y Lß - level X Jt 
Taole 8/2: 1-Ieasuring components of the LfU stations 
in Baden-Württemberg 
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Co-ordination 
fvleasuring- Gauß-~\rüger l'·1easuring- Responsible Operator !Parameter sites RW HW dates 
Speyer,feuerwehr 3459 5463 Landesamt f. Umwe 1 t- so 2 , NO, 15.3. - 29.3.1985 Dr. 
schutz Rheinland/ No 2 , ()3 Ffal z 
Ludwigshafen-
Oppau 3456 5486 so 2 , NO, N02 
Mitte 3459 5483 CO, CNHM 
Mundenheim 3458 5480 
Waldenbuch 3457 5366 Institut fUr Ver- so2 , f~O, 19.3. - 29.3.1985 Dr. fahrenstechnik der N0 2 , 03 Universität Stutt-
gart 
Freudenstadt 3510 5386 
Hohengeren 3533 5402 Neckarwerke so2 , NO, N0 2 1 B. 3. - 29.3.1985 Dr. 
Plochingen 3531 539 7 03 25.3. - 26.3.1985 
28.3. 
-
29.3.1985 
Seherndorf 3537 5408 Energieversorgung 11. 3. 29.3.1985 Dr. 
Schwaben 
Wilhelmsfeld 3480 5482 Landesanstalt f. 1, 3. 31,3.1985 Dr. 
Umweltschutz-BW 
Ravensburg 3555 5294 
freistett 3421 5394 Badenwerk Karlsruhe so 2 , NO, 1 8. 3. - 29.3. 1985 Dt. 
N0 2 
Schwörstadt 3413 5273 
Hornisgrinde 3441 5386 
Schauinsland 
( 1250 m) 7 1 UOA-Pilotstation so 2 ,No 2 ,o 3 19.3. - 29.3.1985 Dr. 
( 952 m) 7 7 so 4 ,co2 
so2 ,o 3 
Werksgelände der 3459 5466 11 BASf an 7 Statio- Dr. 
BASf-Ludwigshafen nen so 2 
Basel 7 7 Amt fUr Luft- an 6 S ta tio- Dr. 
hygiene Basel-Land nen so 2 
Base 1, 7 7 Bundesamt fUr NO,No 2 ,o3 
Dr. 
St. Margarethen Umweltschutz 
Würzburg 7 Bayr, Landesamt so 2 ,co Dr. fUr Umweltschutz 
Neu-Ulm 7 1 
Lindau 7 
Table 8/3: Further-measuring stations 
1) 
The exact co-ordinates of the seven stations can be obtained 
from the TULLA-data-bank 
partner 
Bockalt 
Baumbach 
Necker 
Beising 
Obländer 
Schlövogt 
Graul 
Mutz 
Mona 
Gehrig 
Hoft 
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Date Time in UTC 
10 10 30 11 11 30 12 12 30 1J 1J 30 14 14 30 15 15 30 16 16 30 17 11 30 
I I t I I I I I I t t I t t f 
1 9. 
20. rJ r2 E2 
21. Ea t2. 
22. fJ 
23. P2 ~ ~ r2Ll 
?.4. ~ 
2 5. ~ ~ C1 ~ 
2 G. ~ 
27. [:] 
2 8 • ~ 
'rable 8/l+: I·1easurement intervals of the TULLA ground measuring stations '1-10 
stations '1-'10 
Particle collection 
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Date Time in UTO 
?.0.: 
21. Q 
22. 
2.3. 
24. E2l 
2 5. 
26. {23 
27. [6] 
28. ~ 
Table 8/5: r.-reasurement intervals of the TULLA ground measuring stations 1-10 
so2 Enrichment 
Date 
2 0. 
22.~ 
23./ 
24. 
2s.f:J 
26.f:a 
2 7. 
-59-
Time in UTC 
29.~ 
Table 8/6: ~1easurewent intervals of the TULLA-ground 
measuring station 11 Schauinsland" 
Particle collection 
-60-
-
Date ~1easuring span Locatioll Number of impactors 
UTC 
20.3. 10:00 17:00 Kälbelescheuer 2 X 7 
(2 Stationen) 
10:00 17:00 Untergrambach 2 X 7 
(2 Stationen) 
10:00 - 17:00 Edelmannshof 9 
10:00 17:00 Dlirretimettstetten 1 2 
10:00 17:00 Hohenheim 8 
~ 1 . 3 8:00 -;- 17:00 Kälbelescheuer 2 X 10 
(2 Stationen) 
9:00 - 18:00 Untergrambach 2 X 10 
( 2 Stationen) 
9:00 17:00 Edelmannshof 14 
8:00 17:00 Dlirrenmettstetten 20 
10:00 .,.. 17:00 Hohenheim 8 
~8. 3. 10:00 -:- 17:00 Käbelescheuer 2 X 7 
( 2 Stationen) 
10:00 
-:- 17:00 Untergrambach 2 X 7 
( 2 Stationen) 
10:00 -;- 17:00 Edelmannshof 9 
10:00 -;- 17:00 Dlirrenmettstetten 1 2 
1 0:00 . -:- 17:00 Hohenheim · 8 
Table 8/7: Ground - based mini-impactors 
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~!19.3.85 20.3.85 20.3.85 .. 21.7.85. 
_.,22.3.850 23.3.85. !23.3.85 .. 
-; 
M 21.50 UTC 9.37 UTC 11.20 UTC 19.50 UTC 22.13 TC... . .' 1. 30 U'l'_C_ I 2. 00 UTC 2~JPu'i'c ~~'.3i8\rrc inJ·J5uTC- :B:3d 5oTc 21. ~.08s11 'l'r 2 ~: b'Jl 5uTc· - 123.3.850. 11.30 TC 
averege horiz. 
wind speed in 
5 heights at 
the same time 
" 
... 
.... 
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.... ~ 
"' averege air temp. .... .... 
"' ~ 
"' "' 
... in 3 heights ~ ~ ~ 
"' aimulteneously 
" 
~ .... ~ ~ 
" 
.... 
" 
..,
" 
-~ w 
" 
.... 
" "' ·;;: 
" 
:.: 
" 
_, 
" 
:; so2 concentration ~ " "' 
" "' 
c: 1/) :.: ~ 1/) !ii' 3 heights 
" 
1/) 
" " ;:: ::> " w "' .... " 
" 
;.: :.: ::> :.: conaecutivelv ::> 
" ~ ·z " -~ 
'" 
·~
" 
·~ ·~ 
I 
:>: 
"' 
" 
Global radiation 
0 ., 0 
"' - N' 
"" (Dirnhirn) - "" - "" approx. 8,5 m high 
Air humidity 
air pressure~, temp·. kontinuierlich 
continuously with 
Metearagraph 
-
continusl wind kontinuierlich direction 
~span 23.3.85 123.3.35 . 24.3.85. 24.3.85 24.3.85, 25.3.85 t25.3.85. 11.30 UTC 8.09 UTC .. 13.26 UTC 14.22 UTC 14,45 UTC 9. 15 UTC · 9. 35 UTC M 
I fiJ·~sn'l'r value ~ 24.3.85 . 24.3.85 24.3.85 24.3.85 25.3.85 2 ~ ·• 33'~ 50TC 8.08 UTC . 13.26 (ITC 14.22 UTC 14.45 UTC 9. 11 UTC 
average horiz. 
wind speed in 
5 heights at 
the same time 
averege air temp. .... 
" '" " 
... 
.... in 3 heights " 
w 
"' ... ~ ... ...
" simultaneously " " ~ " ~ ~ w 
.., 
" '" " z .... Oll w 
"" 
w 2' 502 concentration c ·~ c -~ 
>: ::> 
" 
>: 
" 
:.: 
" 
1/) in 3 helghts 
"' ~ 1/) 
" 
1/) 
"' 3 "' " " ::> " ~ " z consecutively >: w 
" 
>: 
" 
2 ·~ ::> 
Global ractiation ·~ 
" 
I 
·:r: 
I " 
·;: .:: 
":. :;:: ·~
.... 
'" (Dirnhirn) 
" "' N 
"' "' 
N 
-"
.., 
"' spprox. e,sm high I 
Air humidity 
air presaure1temp~ kontinuierlich continuoualy with 
Meteoregraph 
continual wind kontinuierlich direct1on 
Table 8/8: Deposition measurements in Linkenheim-measuring team ~f~ 
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Continuation Table 8/8 
~n 25.3.85 125.3.85. . 25.3.85 H·.H5oTc 1 t~'.3i~ 5 tJTC r~·.M 5o'i'c : 26.3.85 g 11 .10 UTC r 1 .31 UTC 13.06 UTC i 19,41 UTC f~ · 3,·,85nTc 11~· 3 i~ 5 12~·~PuTc 26.3.85. 26.3.85 26.3.85. 26.3.85 e .0 UTC 12.22 UTC 14.08 UTC 19.41 UTC 20.32 UTC 
averege horiz. 
wind speed in 
5 heights at 
the same time 
averege air temp. 
" 
" ~ " u u in 3 heights u .. 
" 
... 
... 
'" " 
~ 
si~ultaneously 
" .:! .:! .:! 
.:! 
" ~ " ~ ..., u 
502 concentrati on 
..., 
·;;: 
" 
·;;: c: :.:: c ;: ~ ~ >:: ~ 
" " " in 3 heighta ~ c: " " 
<II 5 <II 
" " ~· " " consecutively 
..., u >:: >:: u >:: 
;! E 
" 
;! 
" 
.'l 
" Global radiation '.: z .... 'i I .... '.: I 
. ... 
(Dirnhirn) 
- " " " N 
""' 
N .:t N .:t 
approx. B,5m high I i 
Air humidity 
air pressure,temp. 
continuously wit~ 
kontinuierlich 
Meteoregraph 
ccntinusl wind kontinuierlich direction 
~Time span 26.3.85 26.3.85 26.3.85 27.3.85/ 27 .3.85, 27 .3.85. r Meaauring---.....__ 20,32 UTC 22.39 UTC 23.48 UTC .1. 30 UTC 2.30 UTC 3. 15 UTC 
value ----...____ '3~' 3:i~ 5 UTC · ~3~·34PI1TC 2i. h85üTC 2 ~ '. 3i~ 5UTC 2{. ~(jas, 1",r 2 ~. ~·a8 s,,."r I 
averege horiz. 
wind speed in 
5 heights at 
t.he same time 
u u 
" " 
... 
... 
average air temp. u u 
" " " ... ... 
.:! u 3 in 3 heights 
" " 
... 
-
.:! .:! " " " simultaneously u ~ u 
" " " 
u u 
.... 
..., 
"' 
u 502 cancen trati an .... u .... .... c:: . ... u 
z ~ >:: c:: 
" 1ri 3 heiahts 
" 
"' " 
>: 
" 
"' 
c: u u 
conaecuti vely ~ " " ~ " ~ :<: u ::: u = ~ ;! .... ;2 ·~ 
Global rsdiation = .... I ;: z .... z "; "; (Dirnhirn) "' " appro:;<• 8 ,,5 m high "" N - - -I 
Air humidity 
air pressure temp. kontinuierlich cantinucusly wi t11 
Meteoregraph 
continual wind kontinuierlich direction 
Date Time in UTC 
Start End 
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Operator 
Driving distance r1easured quantity 
----+---+---t-------------+-=----!!__t-----------·· 
20.3.1985 
21.3,i9BS 
23.3.1985 
25.3.1985 
9:20 1 3: 10 
11: 35 16:20 
10:08 12:10 
12:20 14:05 
9:45 15:00 
9:35 12: 15 
13:00 15:45 
10:00 11:15 
13:25 14:40 
9:00 14:20 
Achern - Weil am Rhein -
Achern 
4 x Viernhe im er Dre leck -
Walldorfer Kreuz -
frankenthaler Kreuz -
Viernheimer Dreieck 
Appenweie~ - Walldorfer so 2 und No 2 Kreuz - Hockenheimer Dreieck-
Viernheimer Dreieck - franken-
thaler Kreuz - Hockenhelmer 
Dreieck 
Hockenheimer Dreieck -
Frankenthaler Kreuz -
Viernheimer Dreieck -
Appenweier 
Appenweier - Mannheim -
Appenweier 
2x Fahrtstrecke wie am 
20.3,1985 
2 x Fahrtstrecke wie am 
20.3,1985 
Achern - Weil am Rhein 
Weil am Rhein - Achern 
Achern - Lörrach - Achern 
keine Haßfahrt wegen technischer Schwierigkeiten 
9:31 
12:40 
9:00 
11: 40 
8:2 9 
13:00 
12:01 
15:20 
15:00 
15:00 
10:05 
14:20 
Appenweier - Walldorfer so2 und N0 2 Kreuz - Hockenheimer Dreieck 
Viernheimer Dreieck - franken-
thaler Kreuz - Karlaruhe= 
Durlach 
Karlsruhe-Durlach - Wall-
dorfer Kreuz - Hockenheimer 
Dreieck - frankenthaler 
Kreuz - Viernheimer Dreieck -
Appenweier 
Achern - Mannheim - Achern 
2 x fahrtstrecke wie am 
20.3.1985 
BUhl - Weil am Rhein 
Weil am Rhein 
GFS-Ispra 
USA-frankfurt 
Inst. fUr Hygiene und 
Epidemiologie (I.H.E.) 
BrUssel 
GFS-Ispra 
USA-Frankfurt 
I.H.E. - BrUssel 
GFS-lspra 
USA-Frankfurt 
I.H.E. - BrUssel 
Gl"S-Ispra 
USA-frankfurt 
I.II.E. - BrUssel 
------+-----+-----+------------------~-----+------------------
27.3.1985 9:03 
10:36 
13:04 
10:16 
12: 45 
13: 41 
Achern - Weil am Rhein 
Weil am Rhein - Karlsruhe-
Rheinhafen - Landau 
Landau - Karlsruhe -
Pforzheim-West 
Table 8/9:Schedule of the COSPEC-measuring vans 
I. H. E. - BrUsse l 
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Continuation Table 8/9 
Date Time in UTC dri ving Measured Operator 
Start End distance quantity 
28.):1985 9:00 16:30 Achern - Baden-Baden - so2 GFS-Ispra llagenau 
-
Strasbourg 
-
Hulhouse - Nauenburg -
Achern 
14:00 15:30 1 X Fahrtstrecke wie am so 2 UBA-Frankfurt 20.3.1985 
~ 
9:26 15:39 1\ppenweier - Halldorfer so2 und No 2 l.H.E. - BrUssel Kreuz 
-
Hockenheimer 
Dreieck - f'rankenthaler 
Kreuz - Vlernhe!mer 
Dreieck 
-
Weil am Rhein -
1\ppenweier 
29.3.1985 B:SO 11:30 IIehern - Basel - Achern so2 Gf'S-Ispra 
!1: 15 12:00 2 K Fahrtstrecke wie am so 2 und No 2 UBA-f'rankfurt 20.3.1985 
9:55 11 I 25 Appenweier - Walldorfer so2 und No 2 I. II. E. - BrUssel Kreuz 
-
Hbckenheimer 
Dreieck - Viernileimer 
Dreieck 
-
f'rankenthaler 
Kreuz· 
lnsti tution 502 NO 03 X 
those device LDL Resp. Flow device DL Resp. Flow device LDL Resp. jFlow 
responsible 90% 90% 90% 
ppbv :sec 1/min Pfbv sec l/min ppb\ sec 1/min 
C E A Meloy SA 265 1 30 12 Environment SI> 5 40 12 -- -- -- --
Carbonelle FPD own palib. Chem. Lum. bwn 0alib --
C E R L Heloy SA 265 2 75 0.2 Monitor Labs 2 120 0.5 Bendix 8002 1 22 1 
Marsh FPD own calib. Chem. Lum. own calib Chem. Lum. own calib. 
D F V L R Meloy SA 285 o.s 95/13( 0.2 Monitor Labs 2 95/20 0.25 CSI 2000 2 95/18 0.7 
Paffrath ~·op own cal!b. Chem. Lum. pwn calib Chem. Lum. own calib. 
Geosens Thermo.Elect 3 1 20/0. Thermo Electr 4 1 1 Bendix 8002 3 1 1 
Spoelstra Fluorescence no calib. Chem. Lum. no calib Chem. Lum. own calib. 
N I L u Environrrent SA 30/4 5/120 2 Environrrent SA 30/ . 4/50 1.2 CSI 2000 4 15 0.7 
Berg Fluorescence no calib. Chem. Lum. no calib Chem. Lum. no calib. 
Th Darmstadt Monitor Labs 5/1 120/ 0.5 Environrrent SA 3 30 1.25 Dasibi 1008 PC 3 99/50 2 
Blichmann Fluorscence 210 Chem. Lum. no calib UV-Absorp. owr calib 
Uni Ffm Monitor Labs 5/ 120/ 0.5 Monitor Labs 5/ 7/120 1 Bendix 8002 5 10 0.8 
Jaeschke Fluorescence 210 Chem. Lum. 
own calib •. own calib Chem. Lum. own calib 
Table 9/1: Summary of the instruments used in the aircraft 
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Route Checkpoint Geographical co-ordinates 
1 : 49 33 20 N 08 18 50 E 
2 : 49 21 50 N 08 22 1 0 E 
3: 49 01 40 N 08 1 1 45 E 
L1 4 : 48 46 42 N 08 04 02 E 
5 : 48 28 1 0 N 07 54 50 E~ 
6: 47 09 40 N 07 45 35 E 
7: 47 48 30 N 07 35 05 E 
8 : 47 38 00 N 07 30 00 E 
9: 49 36 40 N 09 41 20 E 
1 0 : 49 24 50 N 09 31 00 E 
1 1 : 49 09 25 N 09 17 55 E 
1 2 : 48 59 15 N 09 09 1 0 E 
tL2 1 3 : 48 47 20 N 08 59 1 0 E 
14 : 48 37 00 N 08 50 30 E 
15: 48 22 57 N 08 30 45 E 
1 6 : 48 08 00 N 08 34 20 E 
1 7 : 47 55 00 N 08 30 30 E 
1 8: 47 41 30 N 08 26 18 E 
1 9 : 49 34 45 N 1 0 1 2 10 E 
20: 49 28 40 N 10 1 2 40 E 
2 1 : 49 08 38 N 1 0 1 4 22 E 
22: 48 58 40 N 1 0 1 5 05 r. L3 
23: 48 118 40 N 10 15 55 E 
24: 48 36 05 N 1 0 1 7 00 E 
25: 48 26 00 N 1 0 1 7 47 E 
26: 48 10 05 N 1 0 19 00 E 
27: 47 54 50 N 1 0 20 1 0 E 
28: 47 4 •I 47 N 1 0 2.1 04 E 
Table 9/2: Geographical co-ordinates of the checkpoints of the 
North-South routes 11 to 1'3 
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Route Checkpoint Co-ordinates 
1: 49 3 3 20 N OB 1B 50 E 
29: 49 17 30 N OB 26 20 E 
30: 48 59 33 N 08 35 06 E 
31: 49 09 20 N OB 52 10 r. 
T1A 
32: 49 10 30 N 09 08 55 E 
3): 49 26 00 N 09 22 10 P. 
9: 49 36 40 N 09 4 I 20 E 
19: 49 34 45 N 10 12 10 E 
-
2: 49 21 50 N 08 22 10 E 
35: 49 20 1 2 N 08 44 00 E 
36! 49 22 20 N 09 05 20 E 
T1B 10 i 49 24 50 N 09 3 i 00 E 
3 7: 49 27 00 N 09 55 25 E 
20: 49 28 40 N 10 12 40 E 
3: 49 01 40 N OS 11 45 E 
30: 4B 59 33 N 08 35 06 E 
T1C 38: 4B 57 30 N OB 55 30 E 
39: 48 54 51 N 09 20 28 E 
40: 48 52 10 N 09 45 50 E 
2 3: 48 4B 40 N 10 15 55 E 
5: 4B 28 10 N 07 54 so E 
4 1 : 4B 26 20 N 08 10 25 E 
4 2: 48 24 25 N 00 26 so E 
15: 48 22 57 N OB JB 45 E 
43: 4B 20 10 N 09 01 50 E 
T2 4 4 : 4B 1B 30 N 09 14 55 E 
4 5: 48 16 25 N 09 31 05 E 
4 6 I 4B 1 J 50 N 09 51 00 E 
47: 4B 11 50 N 10 07 25 r. 
26: 4B 10 OS N 10 19 00 F. 
8: 47 38 00 N 07 )0 00 c 
4 B: 47 39 00 N 07 •14 40 E 
4 9: 47 ~0 00 N 07 ) ~) )0 r. 
50: 47 40 50 N 08 H 05 r. 
TJ 1 B: 0 4 1 30 N 08 26 10 ~~ 
51:, 47 117. 05 N 00 4 I 1 'i I' 52: 0 42 50 N 09 o:, 00 E 
SJ: ~7 0 20 N 09 23 25 r: 
54 : 47 43 55 N 09. 42 10 E 
55: 47 44 25 N 10 OJ 55 E 
2B: 47 H 47 N 10 2 1 04 E 
Table 9/3: Geographical co-ordinates of the checkpoints of the 
West-East routes T1A to T3 
Checkpoint 
1 : 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 
10: 
11 : 
12: 
13: 
H: 
15: 
16: 
17: 
18: 
19: 
20: 
21: 
22: 
2): 
24: 
25: 
26: 
27: 
28: 
49 
49 
419 
48 
41B 
&!IB 
47 
47 
49 
419 
49 
48 
4B 
"418 
48 
48 
47 
47 
49 
49 
49 
48 
418 
48 
48 
418 
41 
41 
Co-ordinates 
33 20 N 
21 50 N 
01 40 N 
46 42 N 
28 10 N 
09 40 N 
418 30 N 
38 00 N 
36 40 N 
24 50 IN 
09 25 N 
59 15 N 
41 20 N 
·)7 00 N 
22 57 N 
08 00 IN 
55 00 N 
41 30 N 
34 45 N 
28 40 N 
08 )8 N 
58 410 N 
411 410 N 
36 OS N 
26 00 N 
10 OS N 
54 SO . N 
44 47 N 
,os 18 
08 22 
08 11 
OB 04 
07 541 
07 45 
07 35 
07 30 
09 41 
09 31 
09 17 
09 09 
OB 59 
08 so 
OB 3B 
OB 34 
OB 30 
OS 26 
10 12 
10 12 
10 14 
10 15 
10 ·15 
10 17 
10 n 
10 19 
10 20 
10 21 
50 E 
10 E 
45 E 
02 E 
SO E 
35 E 
OS E 
00 E 
20 E 
00 E 
55 E 
10 E 
10. E 
30 E 
45 E 
20 E 
30 E 
18 E 
10 E 
40 E 
22 E 
05 E 
55 E 
00 E 
47 E 
00 E 
10 E 
04 E 
Checkpoint 
29: 
30: 
31: 
32: 
33: 
34: 
35: 
36: 
37: 
38: 
39: 
<!0: 
•11 : 
<!2: 
•!3: 
44: 
<iS: 
<16: 
'": 
•18: 
49: 
SO: 
51: 
52: 
53: 
54: 
55: 
<19 
48 
49 
49 
49 
49 
419 
119 
48 
48 
48 
418 
48 
48 
48 
48 
48 
48 
47 
47 
47 
47 
41 
47 
411 
<17 
Co-ordinates 
17 30 N 
59 3.3 N 
Oll 26 20 E 
OB 35 06 E 
09 20 N OB 52 10 E 
18 30 N 09 OS 55 E 
26 00 N 09 22 10 E 
not available 
20 12 N 
22 20 N 
27 00 N 
57 30 N 
54 51 N 
52 10 N 
26 20 N 
24 25 N 
20 10 N 
18 30 N 
16 25 N 
13 50 N 
11 SO N 
39 00 N 
40 00 N 
<10 50 N 
42 OS N 
<12 SO N 
<13 20 N 
<13 55 N 
H 25 N 
OB U 
09 OS 
09 55 
OS 55 
09 20 
09 "45 
08 10 
OS 26 
09 01 
09 14 
09 31 
09 51 
10 07 
07 H 
07 59 
08 H 
08 41 
09 OS 
09 23 
09 42 
10 03 
00 E 
20 ·E 
25 E 
JO E 
28 E 
SO E 
25 E 
SO E 
SO E 
SS E 
OS E 
00 E 
25 E 
40 E 
30 E 
OS E 
15 E 
00 E 
25 E 
10 E 
55 E 
Table 9/4: List of the arranged geographical co-ordinates of all Checkpoints 
0> 
-...A 
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Wind from Pattern 
.Numbers in degree 
210 to 270 A 
270 to 330 B 
330 to 45 c 
·45 to 135 B 
135 to 210 c 
Table 9/5: Flight-pattern and wind direction 
Abcraft 
Thu, 
21.3.1985 
Set. 
23,3:1985 
Mon, 
25.3.1985 
lced. 
20.3,1985 
p.m. a .m. p.m. a .m. p.m. a.m. p.m. 
TULLA IR 
TULLA 2R 
TULLA 3R 
TULLA 4R 
TULLA 5B 
TULLA 6B 
TULLA 7B 
PATTERN 
TULLA IR 
TULLA 2R 
TULLA 3R 
TULLA 4R 
TULLA SB 
TULLA 6B 
TULLA 7B 
+ 
+ 
+ 
+ 
+ 
ausgef. 
+ 
c 
+ + 
+ + 
+ + 
+ + 
ausgef. + 
ni.gestart, + 
ni.gestart. + 
c 
NILU U.DARMSTADT 
U.DARMSTAD'INILU 
CEA 
GEOSENS 
CERL 
DfVLR 
UN,fRA. 
EA 
GEOSENS 
ERL 
DfVLR 
U.f"RA. 
+ + 
+ + 
+ + 
+ + 
+ ausgef, 
+ + 
+ + 
A 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
U.DARMSTADT U.DARMSTADT 
NILU NILU 
CEA 
GEOSENS 
CERL 
DfVLR 
U.f"RA. 
CEA 
GEOSENS 
CERL 
DfVLR 
u.rRA, 
. )
red formation could not fly the complcte pattern A due to cloude 1 
directly to checkpoint 5 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Thu. 
28.3,1985 
p.m. 
B 
Fri. 
29.3.1985 
a,m. 
+ 
ausgefallen 
als TULLA 6B 
geflogen 
+ 
+ 
+ 
A 
U.DARMSTADT U.DARMSTADT 
NILU 
CEA 
GEOSENS 
CERL 
DfVLR 
U.fRA. 
GEOSENS 
DfVLR 
CEA 
U.fRANKr. 
southern border from chcckpoint 26 
Table 9/6: Flights performed and arrangement of the aircraft 
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Aircraft. Date Start Landing Fl i ght height (relative 
UTC UTC to Figs. 9/5 to 9/9) 
TULLA 1 R 1 3: 04 1 6: 19 + 1SOO ft 
TULLA 2R 13:0S 16:20 + 1000 ft 
TULLA 3P. lJ) 13:0S 1 6 : 1 4 + 500 ft 
CO 
TULLA 4R 0'\ 13:05 1 6: 13 0 ft .- + 
t-- --- I• 1------ ------ -- -- -- -----
TULLA SB M 12:58 1S:55 + 1 500 ft I• 
0 
6B N ausgef. ausgef. 1000 ft TULLA + 
TULLA 7B 13:00 1 5: 4 9 + 0 ft 
TULLA 1 R 08:31 11 : 2 9 + 1800 ft 
TULLA 2R 08:3 i 11 : 2 8 + 1000 ft 
TULLA 3R 08:31 11 : 2 7 + soo ft 
TULLA 4R 08:32 11 : 2 6 + 0 ft 
----
1------
-- --- -- - -- --
---
TULLA SB - - + 1000 ft 
hatte Start· 
- + soo ft probleme, 
Formation - - + Oft 
Blau daher 
nicht ge- lJ) 
startet CO 
~--- 0'\ --- -- --- f-- -- -- ---..- --
TULLA 1 R . 1 4: 02 17:02 + 1800 ft 
M 
TULLA 2R .- 14: 02 N 1 7 : 0 1 + 1000 ft 
TULLA 3R 14: 03 1 7: 01 + 500 ft 
TULLA 4R 1 4: 0 3 17:00 + 0 ft 
1----- ---- -- ---f-- -- -- -- ---
TULLA SB 1 3: 4 8 1 6: 4 2 + 1000 ft 
TULLA 6I3 13:S6 1 6 : 4 1 + 500 ft 
TULLJ\ 7I3 1 3: s 7 16: 4 0 + 0 ft 
TULLA 1R 07:56 1 1 : 4 9 + 900 ft 
TULLA 2H 07:56 11 : 4 7 + 600 ft 
TULLJ\ JR 07:56 11 : 4 4 + 300 ft 
~ 
TULLA 4R 07:56 11:4.4 .j. 0 ft 
t--- --- t---- -- --- -- ---- -- --
fULLl\ SB 07:S6 1 1 : 3 1 + 600 ft 
TULLJ\ 6I3 07:57 11 : 3 0 + 300 ft 
TULLA 7B lJ) 08:02 11 : 2 9 0 ft CO + 
f----- 0'\ 1----- ·-- -- -I- ·-- -- -- ---.-TULLA 1 R 1 3: 4 2 1 6: 4 3 + 900 ft 
M 
TULLJ\ 2R M 1 3: 4 2 
N 
16: 4 1 + 600 ft 
TULLl\ 3R 1 3: 4 3 16: 4 1 + 300 ft 
'l'ULLl\ 4R 1 3:43 1 6: 4 0 + 0 ft 
Table 9/7: Time schedule of flights 
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Continuation Table 9/7 
Aircraft Dote !)tart Landing Flight height (relative 
UTC UTC Lo Figs. 9/5 to 9/9) 
-
TULLA SB l11 ausgef. ausge f. ausgef. 
CO 
TULLA 6B 0'\ 13: 4 7 1 7 : 1 2 + 300 ft ..--
TULLA 7B ('") 1 3: 4 7 1 7 : 11 + 0 ft . 
('") 
N 
TULLA 1 R 07:S3 11 : 3 6 + 900 ft 
TULLA 2R 07:S3 11 : 3 6 + 600 ft 
TULLA 3R 07:S4 11 : 3 s + 300 ft 
TULLA 4R 07:S4 11 : 3 3 + 0 ft 
r---- --
---- ------- -- -- -- --
-- -
TULLA SB 08:23 11 : 4 8 "1- 600 ft 
TULLA 6B 08: 1S 11 : 4 6 + 300 ft 
TULLA 7B l11 08: 1S 11 : 4 8 + 0 ft CO 
r------ 0'\ 
---- -- -----r--- ---- ----
TULLA 1 R ..-- 13:31 17: 2 4 + 900 tc 
('") 
TULLA 2R . 1 3 : 31 1 7 : 21 + 600 ft l11 
N 
TULLA 3R 1 3: 3 2 1 7: 2 0 + 300 ft 
TULLA 4R 1 3: 3 3 17:20 ... 0 Et 
1----
---- -- ---------- -- ---
TULLA SB 1 3: s 4 17: 3 s + bOO ft 
TULLA 6B 1 3: s 4 17: 22 + 300 ft 
TULLA 7B 14: 00 17: 2 3 + 0 ft 
_., 
'l'ULLA 1R 08:S9 1 2: 4 7 + 300 ft 
TULLA 4R 'n 08:S9 1 2: 4 5 t 0 f t 
----- CO ---- -- -- -- - r- -- -- -- -- ---~ 
TULLA SB 0'\ 07:S2 1 1 : 2 3 + 600 ft: ..--
TULLA 6ß ('") 07:S2 1 1 : 2 3 + 300 ft 
0'\ 
'rll L LA 7ß N 07:53 1 1 : 1 2 l- () fl 
(in Egelsbach) 
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Checkp11int approx. flight 
Beg in End duration ( from: TULLA-
operation plan) 
3 1 16' 30" 
1 30 17' 30" 
30 9 28' 30" 
9 21 23' 
Red-formation 21 25 21' 15" 
25 28 20' 4 5" (TULLA 1 - 4) 28 53 19' 30" 
53 18 19. 15" 
18 8 19' 
8 6 16. 30" 
6 3 27' 15" 
3 6 27. 15" 
6 8 16' 30" 
8 18 19' 
Blue-formation 18 15 21 1 15" 
(TULLA 5 - 7) 15 12 20' 30" 
12 9 25' 
9 30 28 1 30" 
30 1 171 30" 
1 3 16' 30" 
Table 9/8: Information as to the particle-bound measurements 
Flight-pattern A 
Checkpoint approx, flight duration 
Beg in End 
( from: TULLA-operation plan) 
3 5 17' 30" 
5 8 26' 15" 
8 18 19' 
Red-formation 18 53 19' 15" 
(TULLA 1 - 4) 53 28 19' 30" 
28 23 31' 15" 
23 39 18' 30" 
39 3 22 I 4 5" 
3 35 17' 4 5" 
35 10 15' 30" 
Blue-Formation 10 21 23' 30" 
(TULLI\ 5 - 7) 21 26 29
1 15" 
26 43 29' 30" 
43 5 21 1 4 5" 
5 3 17 1 30" 
Table 9/9: Information as to the particle-bound measurements 
Flight-pattern C 
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Date ~1eaeur1ng Number of impactore wi thw the J?lane 
time period Univ. Darmstadt Geosene 
2o.3. p.m. 12 12 
21. 3. a.m. 12 12 
p.m. 12 12 
28.3. p.m. 1 6 
29.3. a.m. 12 12 
Table 9/10: Airborne mini-impactors 
Oete Start Lendlng f11ght pettern UTC UTC 
21 • 3. 13:20 18:03 c complete 
23.3. 12:54 18:30 A complete . 
25.3. 12:50 15:22 A only red flight reute 
fllght above Kempten 
broken off due to · 
power· failure 
28.3. 13:04 19:12 B complete 
Table 9/11: Time schedule of the aircraft HS 125 
Checkpoint: AlU tude 
1 
-
5 Steigflug bis ca, 3000 m NN 
5 
- 6 Sinkflug, Spirale Uber Rheinfelden 
6 
- 18 W-E-Traverse 150 1 50 m Grund 
18 
- 20 Steigflug bis ca, 3000 m NN 
20 
- 21 Sinkspirale Uber Romanshorn 
21 • 29 E-W-Traverse 250 t 50 m Grund 
Table 9/12: Vertical profile of the flight route of.the 
rnotor-glider ASK-16 
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flight-No. Date Take- Touch- max. altitude 
off down Basel Pkte. 3/4/5 Friedrichs- Pkt. 20 
UTC UTC (mNN) (UTC) hafen (mNN) (UTC) 
1 * 20.3. 12.51 16.30 3000 13.32 2000 15.21 
2 21 . 3. 12.23 16 0 12 2500 12.53 3000 14.48 
3 23.3. 13.26 16.41 2000 13.43 27.50 15.16 
4 25.3. Oß. 25 11.48 3000 09.00 3000 10.40 
5 25.3. 13.31 17.06 3000 \3.59 3150 15.44 
6 28.3. 12.39 16.22 2500 13.03 2500 14.42 
7 29.3. 08.41 12. 10 3000 09. l t 3000 10.50 
* Ozone only for points 1 to 8 
Table 9/13: Time schedule of the motor-glider ASK-16 
Flight-No. Date Time (UTC) comment 
A2 21.3.85 0855-0927 broken-off (data recording 
defect) 
I. A3 21.3.85 1349-1453 
81 23.3.85 0738-0824 broken off due to showera 
82 23.3.85 1252-1339 
83 23.3.85 1416-1530 complete profile 
C1 28.3.85 1403-1446 broken off due to showera 
01 29.3.85 0804-0928 
D2 29.3.85 1056-1147 
Table 9/14: Time schedule of the Bölkow 207 
Table 11/·1 
J,fU-t.nmlc~onstalt fUr 
Umweltschutz 
Dr. llhrcns 
Postf11ch 210752 
Jlcrtzstraße 173 
7500 J<arlsruhe. 21 
TU-Darmsta<lt 
Institut fUr Anorg. 
und Kernchemie 
Prof. Olichmann 
Jlochschulstraße 
6100 Dnrmstadt 
-74-
Kernforschungszentrum Karlsruhe 
!HK - Institut fUr Meteorologie 
und Klimnforschung 
Dr. Monlka ß~r 
rostr"ch 3640 
7500 Karlsruhe 
Unlvcr"ität Stuttgart 
Institut fUr Verfahrenstechnik 
und Dampfkesselwesen 
Dr. ilnumboch 
Pfaffenwaldring 23 
7000 Stuttgart 80 
U!J/1-Piiotstation Feldberg 
Dr. O~llkc 
Frnnkfurter Str. 135 
6050 Offcnbnch/Hain 
Energieversorgung Schwaben 
Dr. ßeislng 
Postfach 158 
KricgsbcrgRtraße 32 
7000 Stuttgnrt 
N!I.U 
Dr. 11(' rg 
l'. 0. Oox I JO 
2001 J,il(cstrnpm 
Norvu~gen 
Londesnnstnlt fUr Unno.~r.lt~chut-7, 
un{l G~wprbeo\lfsicht 
Or. Oockho I. t 
nhdnnllce 97 - 101 
~500 t·1nln7. 
CF./1-CEN 
Dr. Carbonello 
Saclay 
91191 Gif Sur Yvette Ccdcx 
france 
Universität Karlsruhe/ 
Kernforschungszentrum 
Institut fUr Heteorologie und 
Klimaforschung 
Prof. Dr. f, riedler 
Postfach 6380 
7500 Karlsruhe 
l<ernforschungszt:!ntrum Kr1rl~tuh0 
PEF-PI, 
Dr. f'ilhy 
Postf,1ch JG~O 
7500 Knrlsruhe 
Universität Karlsruhe 
Institut fUr Hcteoroiogie 
und Klimaforschung 
Dipl.-Het. F~anck 
Postroch 6300 
7500 Karisruhn I 
Unlvcrslttlt Stuttgnrt 
In9titut fUr Kornenergetik 
lJt. rrloclrich 
Pfaffenwaldring 23 
7000 Stuttgart 80 
GSF - JRC - Isprn 
Dr. Gng llonc 
I - 21020 Ispra(V/1) 
It.nlion 
Elclg. Institut fiJr Rnnktorforsr.httng 
llbtr,llung H 
Dr. Güssmann 
Cll - SJOJ WOronlJ.ngcn 
Schwel?. 
G0osens b. v. 
P. o. o. 1~or,7 
NI. - 300~ Rotterdnm 
lllederlandp 
JJiSt of all participants of the rrlJI,.LA experiment 
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Continuation Table 11/1 
Universität Freiburg 
Institut fUr Phys. Geographie 
Dr. Goßmann 
7800 Freiburg 
Umweltbundesamt 
Pilotstation Schauinsland 
Dr. Graul 
Postfach 12 29 
7815 Kirchzarten 
DG XII • CEC 
Dr. Gu i llot 
200 rue de la Lol 
BrUssel 
Belgien 
Badenwerk TIG 
DR. lllisler 
Postfach 1680 
7500 Karlsruhe 
NOM TITD!, 
Dr. Hicks 
Post Office Dox E 
Oak Ridge, Tennessee 37631 
u. s. "· 
Kornforschungszentrum Karlsruh" 
!HK-Institut fUr Hctcorologln 
und Klimaforschung 
Dr. llllbschmnnn 
7500 K11rlsruhe I 
Kernforschungszentrum Knrl5rul1c 
!HK-Institut fUr M~teoroloqie 
und Klimaforschung 
Dip!. -~Iet. von llolleuffcr-Kypke 
Postfach 3640 
7500 Karlsruhe 
Wetterdienstschule 
Dlpl.-Met, Jaeneke 
Villenstr. 15 
6730 Ne~atadt/Weinatraße 
Zentrum fUr Umweltschutz 
der Universität 
Dr. Jaeschke 
Robert Hayer Straße 
6000 Frankfurt/Hain\ 
Ccntral Electricity Generating 
noard 
Dr. flarsh 
surrey KT 22 7Sr, 
Leatherhead 
G. 0. 
NOTITI TITDL 
Dr. tlc. llillen 
Post Off lce ßox E 
011k Ridge, Tennessee 37n3\ 
U.S.I\, 
B " s F 
EmlgnlonsUbcrwnchung 
und Ökologie/Luft 
Dr. Mutz 
6700 Ludwigshafen 
Neckarwerke TIG 
Dr. Necker 
Postfach 
RUferstraße 
7300 Esslingen 
Kernforscllun~s~cntr~lm Knrlnrltlln 
IMK-Instltut· fllr Mcteoro\oqln 
und Klimaforschung 
Dlpl.-Mct. K. Ncntmr 
7500 Knrlsruhc 1 
r,fU-!.nndcsanstnlt fUr 
Umwellschutz 
or. Obl!inder 
rostfnch 210752 
Hertzstraße 173 
7500 Karlsruho 21 
!WVI.R 
Dr. raffrnth 
8031 Obcrpfaffenhofcn/ 
l~eßling 
Continuation Table 11/1 
DFVLR 
Dr. Petcrs 
8031 Oberpfnffenhofcn/ 
We ßl!ng 
Institut fUr llygtene 
und Epidemiologie 
Dt. de Sneger 
rue j. wytsmann 14 
1050 nrUssel 
Belgien 
GFS - JRC - Ispra 
Dr. sandroni 
I - 21020 IsprA (VI\) 
Italien 
-76-
Kernforschungozentrum Knrlsruhe 
1\FJ\S 
llr. Schufmnnn 
Postfach J640 
7500 Knrlsruhe 
Deutscher Wetterdienst 
Medizinmeteorologische 
rorschungsste lle 
Dr. Schulz 
Stcfnn Meier Straße 4 
7800 Freiburg i. Br. 
Universität Hohenheim 
Institut fUr Physik 
Prof. Schreiber 
Postfach 700562 
7000 stuttgnrt 70 
Frauer1hofer-Instltut !Ur atmo-
sphärische Umweltforschung 
Prof. Dr. Seiler 
Kreuxeckbahns tr, 19 
8100 Garmlsch-Partenklrchen 
GSF' - Jnc -I"pra 
llr. Stlngcle 
I - ?.1020 I"prn(VI\1 
ltnllrn 
Kcrnforschungs7.entrum Knrlnruhr 
IMK-Inst!tut fUr Meteorologie 
und Klimaforschung 
Dr. Thomns 
7 500 Ka rls ruhe 1 
Studiecentrum voor Kernenergie 
Environmental Research Section 
Dr. Vanderborght 
ßoeretang 200 
D - 2400 Mol 
Deigien 
Univeroit9t Karlaruhe 
IMK-Institut fUr Meteorologie 
und Klimaforschung 
Dr. Walk 
7500 Karlsruhe 1 
Kernforschungsr.entrum Knr lsnohc 
IMK-Institut fUr Meteorologie 
und Klimaforschung 
Dipl.-Ing. Weppner 
7500 Karlsruhc 1 
1\rgonne Nnt. Lnb. 
Dr. Wesley 
9700 South Cass 
1\rgonnc, Ill!no!s 60~39 
u. s. }\, 
UniveroltUt llohcnhclm 
Institut fUr Physik 
Prof, IHcser 
rostfnch 700567 
7000 Stuttgnrt 70 
Kernforschungszentrum Knrlsruhe 
IMK-Institut fUr Meteorologie 
und Klimaforschunq 
Dlpl.-Mat. Zimmer 
Postroch JG~O 
7500 Karlsruhe 1 
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Figure 4/1: Surface chart of 15.3.1985 
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Figure 4/2: Pressure surface 300 hPa of ·15 .. 3.1985 00 UTC 
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Figure 4/3: Surface chart of 17.3 .. 198~3 12 UTC 
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Figure 4/4: Pressure surface 300 hPa of 17.3.1985 00 UTC 
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Figure 4/5: Surface chart of 18.3.1985 12 UTC 
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Figu=e 4/6: Pressure surface 300 hPa of 18 .. 3.1985 00 UTC 
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Figure 4/7: Station report in Baden-Württemberg 
of 18.3.1985 12 UTC 
Figure 4/8: Burface chart of 19.3.1985 12 U~C 
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Figure 4/9: Pressure surface 300 hPa of 19 .. 3 .. 1985 
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Datum: 19. März 1985, 06 UTC 
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Figure 4/10: Station report in Baden-Württemberg 
of 19.3.1985 06 UTC 
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Datum: 19. März 1985, 12 UTC 
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Figure 4/11: Station report in ßaden-Württemberg 
of 19.3.1985 12 UTC 
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Figure 4/12: Burface chart of 20.3.1985 12 UTC 
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Figure 4/13: Pressure surface 300 hPa of 20 .. 3 .. 1985 
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Figure 4/14: Station report in Baden-Württemberg 
of 20.3.1985 12 UTC 
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Figure 4/15: Radio-sonde ascents of 20.3.85 00 UTC 
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Figure 4/~6: Burface chart of 21.3.~985 ~2 UTC 
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Figure 4/~7: Pressure surface 300 hPa of 2~.3.~985 oo u~c 
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Figu~e 4/18: Station report in Baden-Württemberg 
of 21.3.1985 12 UTC 
Figure 4/19: Burface chart of 22.3.1985 12 UTC 
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Figure 4/20: Pressure surface 300 hPa of 22 .. 3 .. 1985 00 UTC 
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Figu:r.e 4/21~ Station report in Baden-Württemberg 
of 22.3.1985 12 UTC 
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Figure 4/22: Burface chart of 23.3.1985 12 UTC 
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Figure 4/23: Pressure surface 300 hPa o.f 23.3 .. 1985 00 UTC 
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Figura 4/24: Station report in Baden-Wlirttemberg 
of 23.3.1985 12 UTC 
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Figure 4/25: Surface chart of 24.3.1985 
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Figure 4/26: Pressure surface 300 hPa of 24 .. 3.1985 00 
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Datum: 24, März 1985, 18 UTC 
Figuie 4/27: Station report in Baden-Wlirttemberg 
of 24.3.1985 18 UTC 
-104-
ßOO 1---f--+-<~1~ ------i------14 
HP 1 o• 
?OOf------if------1 
:; --·j!---·-·· --
HI r~ 
1000-,- ··- -· .-· -- .- ... 
-5 c -~ -l ..:. ---'-"'"'---"-
Figure 4/28: Radio-sonde ascents of 24.3.85 00 UTC 
Figure 4/29: Burfache chart of 25.3.1985 12 UTC 
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Figure 4/30: Pressure sur.face 300 hPa oi" 25 .. 3.1985 00 UTC 
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Figure 4/31: Station report in ßaden-Wlirttemberg 
of 25.3.1985 15 UTC 
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Figure 4/32: Radio-sonde ascents of 25.3.85 00 UTC 
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Figure 4/33: Surface chart of 26 .. 3 .. 1985 12 UTC 
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Figure 4/34: Pressure surface 300 hPa of 26.3.'1985 00 UTC 
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Figure 4/35: Station report in Baden-Württemberg 
of 26.3.1985 12 UTC 
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Figure 4/36: Surface chart of 27 .. 3 .. 198_5 
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Figure 4/37: Station report in Baden-Württemberg 
of 27.3.1985 18 UTC 
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Figure 4/38: Pressure surface 300 hPa of 27.3.1985 OC UTC 
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Figure 4/39: Radio-sonde ascents of 27.3.85 00 UTC 
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Figure 4/40: Surface chart of 28.3.1985 12 UTC 
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Figure 4/41: Pressure surface 300 hPa of 28.3.1985 00 UTC 
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Figure 4/42: Station report in Baden-Wlirttemberg 
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Figure 4/43: Radio-sonde ascents of 28.3.85 00 UTC 
Figure 4/44: Burface chart of 29.3.1985 12 UTC 
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Figure 4/45: Pressure surface 300 hPa of 29.3.1985 00 UTC 
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Figure 4/46: Station report in Baden-Württemberg 
of 29.3.~985 06 UTC 
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Figure 4/47: Radio-sonde ascents of 29.3.85 00 UTC 
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Figure 6/1: Position of vertical sounding systems 
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Figure 6/2: Surface meteorological stations 
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Figure 8/2: P1easuring stations for so2 and partiale bound pollutants 
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Figure 9/1: Description of the flight routes 
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Figure 9/4: Flight pattern 0 
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Figure 9/5: Rising and sinking of the lower flight niveau for flight routes 
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Figure 9/6: Rising and sinking of the lower flight niveau for flight raute L3 
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Figure 9/7: Rising and sinking of the lower flight niveau for 
the flight routes T1A and T1B. 
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Figure 9/8: Rising and sinking of the lower flight niveau for the 
flight routes T1C and T2. 
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Figure 9/9: ~ising and sinking of the lower flight niveau for the 
flight route T3 
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